(12) INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



B17 



(19) Worid Intellectual Property OrganizatiOD 
International Bureau 

(43) International Publication Date 
2 August 2001 (02.082001) 




PCT 



(10) International Publication Number 

wo 01/55115 Al 



(51) iDtemational Patent Classification^: C07D 213/82, 
239/28, 241/28. 213/75, 401/12, 307/68, A61K 31/44, 
31/4965, C07D 207/34. A61K 31/341 

(21) International Application Nnmber: PCT/USOl/02478 

(22) Intemational Filing Date: 26 Januaiy 2001 (26.01.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/177,648 27 Januaiy 2000 (27.01.2000) US 

(71) Applicant: CYTOVU, INC. [USAJS]; 6650 Nancy 
Ridge Drive, San Di^o. OA 92121 (US). 

(72) Inventors: CAI, Sui Xiong; 3623 Benyfield Court, Sand 
Diego, CA 92130 (US). DRFWE, John, A.; 7069 Murillo 
Lane, Carlsbad, CA 92009 (US). 

(74) Agents: ESMOND, Robert, W. et al.; Sterne. Kessler, 
Goldstein 8l Fox PX.L.C., 1 100 New Yoik Avenue, N.W., 
Suite 600, Washington. DC 20005-3934 (US). 



(81) Designated States (national)-. AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ. 
DE, DK, DM, DZ, EE, ES, n, GB. GD, GE, GH, GM, HR, 
HU, ID, IN. IS, JP, KE. KG, KP, KR, KZ, LC. LK, LR, 
LS, LT, LU. LV, MA. MD, MG. MK, MN, MW. MX, MZ, 
NO, NZ, PL, PT, RO, RU. SD, SE, SG. SI. SK, SL, TJ. TM, 
TR, XT, TZ, UA, UG, UZ, VN, YU, ZA. ZW. 

(84) Designated States (regional)'. ARIPO patent (GH, GM, 
KE. LS, MW, MZ, SD, SL, SZ. TZ. UG, ZW), Emasian 
patent (AM. AZ, BY. KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH. CY, DE, DK. ES. H. FR, GB, GR, IE, 

IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG. CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event cf receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the **Guid- 
ance Notes on Codes and Abbreviations" ajf^aring at the begin- 
ning of each regular issue of the PCT Gazette. 



^ (54) Title: SUBSTITUTED NICOTINAMIDES AND ANALOGS AS ACTIVATORS OF CASPASES AND INDUCERS OF 
^ APOPTOSIS AND THE USE THEREOF 

IT) 

^ Q (57) Abstract: The present invention is directed to substituted nicotinamides and analogs 

1^ II thereof, represented by Fonnula(V) or a phannaceutically acceptable salt or prodrug thereof, 

If^ II wherein: Ar' and Ar are independently optionally substituted aiyl or optionally substituted 

^ fiir (V) heteioaryl, provided that the ring structure of said optionally substituted heteroaiyl com- 

Ar prises not more than two nitrogen atoms; and Rn is hydrogen; or alkyl, cycloalkyl, aiy] or 

heteroaryl, each of which is optionally substituted. The present invention also relates to the 
Q discovery that compounds having Formula (V) are activators of caspases and inducers of apoptosis. Therefore, the compounds of this 
invention may be used to induce cell death in a variety of clinical conditions in which unconu^lled growth and spread of abnormal 
^ cells occurs. 
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ai«l AmUogs as Activators of 
Caspases and Inducers of Apoptosis and the Use Thereof 



Field of the Inyention ■ 

TMstovenaonisintofieIdofB«dicWd«d*y. 1> potato, a„ fc™^ 
rela.es .0 «^<^ a„d 

of these con5<nmds as ttonpeutMy e»c«« anti-caacwage^^ 

OescriptimofBackgrmndArt 

<teaai.p„,g,»^ „ndeaa. or apoptosis. S„eb eell deat occurs as a non,^ .spec of 
«mal developMem as weU as to dssue homeostasis >M ^ (Cacksmann. K. BioL 
'^■J^Z' PMos. Soc. 26:59^ (,951); Otact.^ ^, ^ ^ 
n ~ (.^. EUis. .oL. Z^. „.:59,^ Va». a« 7*:777-4 

(1994)). Apoptosis regulates cell lunger, ft^lit^^ ut^phoget^ds, reomes hatHfU or 
oftj^e .b,.„n^ cells and cHM,^ ^ fl^ ^ ^ 

A~ly. a!«p,osis occurs ia .espouse to vadous physiological s-esses. such as 
Iwoxia or isdiemia (PCT published qifjicatiou W09Smn2l). 

Th«. are a uumber of n^i^t^ ^ ^ «,perieuctog 

reg„la.«, ceD deatb. iuohding ,1^ and nuclear mentb,^ ^ 
(c«.d«».tiouofn«cl«,plasn.and cytoplasm), otganelle relocalization and compaction 
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chromatm condensation and pioduction of apoptotic bodies (membrane enclosed particles 
containing intracellular material) (Qrrenius, S., J. Internal Medicine 257:529-536 (1995)). 

Apoptosis is achieved through an endogenous mechanism of cellular suicide 
(Wyllie, A.H., in Cell Death in Biology and Pathology^ Bowen and Lockshin, eds.. 
Chapman and Hall (1981), pp. 9-34). A cell activates its internally encoded suicide 
program as a result of either internal or external signals. The suicide program is executed 
throug}i the activation of a carefully regulated genetic program (Wyllie, et aL, Int. Rev. 
Cyt. 68:251 (1980); Ellis, et al., Ann. Rev. Cell Bio. 7:663 (1991))- Apoptotic cells and 
bodies are usually recognized and cleared by neighboring cells or macrophages before 
lysis. Because of this clearance mechanism, inflammation is not induced despite the 
. clearance of great numbers of cells (Qrrenius, S., 7. Internal Medicine 257:529-536 
(1995)). 

It has been found that a group of proteases are a key element in apoptosis (see, e.g., 
Thomberry, Chemistry arid Biology 5:R97-R103 (1998); Thombeny, British Med Bull 
55:478-490 (1996)), Genetic studies in the nematode Caenorhabditis elegans revealed 
that apoptotic cell death involves at least 14 genes, two of which are the pro-apoptotic 
(death-promoting) ced (for cell death abnormal) genes, ced-3 and ced-A. CBD-3 is 
homologous to interleukin 1 beta-convertmg enzyme, a cysteine protease, which is now 
called caspase-l. When these data were ultimately applied to mammals, and vipon fiirtfaer 
extensive investigation, it was found that the mammalian apoptosis system ^ipears to 
involve a cascade of caq>ases, or a system that behaves like a cascade of caspases. At 
present, the caspase family of cysteine proteases corxq>rises 14 different members, and 
more may be discovered in the future. All known caspases are syntiiesized as zymogens 
that require cleavage at an aspartyl residue prior to forming the active enzyme. Thus, 
caspases are capable of activating other caspases, in the manner of an amplifying cascade. 

Apoptosis and caspases are thought to be cmcial in the development of cancer 
{Apoptosis and Cancer Chemotherapy, Hickman and Dive, eds., Humana Press (1999)). 
There is mounting evidence that cancer cells, while containing caspases, lack parts of the 
molecular machine that activates the caspase cascade. This makes the cancer cells lose 
their capacity to undergo cellular suicide and the cells become cancerous. M the case of 
the apoptosis process, control points are known to exist that represent points for 
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««v««im leading to «ivati<». Tl»« 00.I10I potes indrnfe to CBD-9-Ba,Iib= «J 
<^3.KE.lte gene toil, p<x.u«s. which a,e ^ 

c* . cdl «, s^ve ..r die ^ cxccudog pm „, to oett de«h iMt ^specavdy 

(s«, Schmtt. « ^, c=« 75:301-314 (1997)). BCL-like p»Wn» indmie 

BCL-XL a.d BAX-dph^ whioh *p«r fto«i« „p«^ „, ^ .^^^ 
BCL-XL aB»«rs ,0 p„,«„ acS«ta of to w«ic c«c«te, whe«« BAX- 

>Ipha accderates «i™to to apoptotic prateMe cascade. 

« •«« tha. chemoto.^ (.«l.ca««) dn«a am trigger cancer 
cells «,™.dergo«icideb,««i«fl«g to donmMcaspas.a«=.de. TOs^ybe acmdal 
^<*fl«nKxie<rfacdon»,mo«,if«,,H.b„™.^^^(^^^ 
«P:3n8-3129 (1997); Rie»n. « < 2,57, ^ ^^^^ 

<rf o«em aMine,^ dmga fte,«,«^ h,™,,e3 an attack a. specific phases of to cen 
cycle. I»<»tetftecdlcj^ refers to to stages a.r„„gh which ceils nonnally progress 
daring toir lifWn^. N^mafly. cells exist in a resting phase .«,ned <V Daring 
mulfpboaion. cells progress .0 a stage in which DNA synthesis occm, teaned S. La« 
cdl drvision. or mitosis oocors. i, a phase called M. Aadneoplastic dnrgs such as <^osh» 
a^taoside, hydroxymea. 6-merc«^ and n«ho««a.. ate s phase »p«Jflc 
Whereas aaineoplastic drugs s^h as vincristine. ™.hlastine. and pacBt^tel a.. M jtee' 

^c. Many slow growmg,umoB.teexan,plecolou cancer, exist primarily in too 
phase, whereas r^y prolifentting n«».l dssues. for «tan,ple bone n>anow «dst 
prin^rilyintoSorMphase. a drug lik.6.nercaptopurin. can cause hone marrow 
^xrdty While remauungu^flecd™ for a Slow growing tuuK^^ Funher aspects of to 
d»~te.py of neoplastic diseases are Itnown ,0 d^ 

et eds., Goo^ ^ oUnan-, m fWcologto. Basis 
^'^'t«^im«^M^m.Ne«Y^^m6).,fA225-mT>. Thus itis 
cl..r.hattop«sihili,yexis.stoto«dvad™,„ftocaspase cascade, althonghto^ac. 
n-bauism, for doing ,0 are not clear at this point. 1, is equally clear dta. insufficient 

ac«..y Of to caspase cascade and consequent ^p^totic events a» implicated ta 
^ c^cancer. Tl=<^e,opment„,easpas. cascade Avatars and mduce. of apoptosis 
B a hrghly de^ie goal in to devdopo»n, of torapeuticBy ef&eti,. andr^oplasdc 
agents. Moreover, shrce autoimmune disease and certain degener^ive diseases also 
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involve the proliferation of abnormal cells, therapeutic treatment for these diseases could 
also involve the enhancement of the 25)optotic process through the administration of 
appropriate caspase cascade activators and inducers of apoptosis. 

PCX published patent application W095/25723 discloses anilide derivatives as 
fungicides: 




wherein, 
XisOorS; 

A is a 6 membered heteroaryl group comprising at least one nitrogen atom, which is 
optionally substituted by one or more of the group R^; 

is aliyl, cycloalkyl, cycloalkenyl, alkenyl, alkynyl, or amino, (each of which is 
optionally substituted), Y*-X-, halogen, cyano, nitro, acyl, acyloxy, optionally substituted 
heterocyclyl or optionally substituted phenyl; or two adjacent groups together with the 
carbon atoms to which they are attached can form an optionally substituted benzo ring; 
R^ is the same meaning as R^ or two adjacent groups together with the carbon atoms to 
which they are attached can form an optionally substituted het^ocyclic ring; 
Y is alkyl, cycloalkyl, cycloalkenyl, alkenyl or alkynyl, each of which is optionally 
substituted, hydrogen or acyl; 

has the sanoie meaning as Y or is optionally substituted phenyl or optionally substituted 
heterocyclyl; 

Z is C(=X^)-X^-R^, cyano, nitro, amino, acyl, optionally substituted heterocyclyl, 
-C(R^)=N-OR^ or-C(R^)=:N-NR^^; 

R^ is alkyl, cycloalkyl, cycloalkenyl, alkenyl, alkynyl, phenyl or heterocyclyl, each of 
which is optionally substituted, hydrogen or an inorganic or organic cationic group; 
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X' and X^, which may be tbe same or different, are O or S ; 

R'' and R'. which may be the same or different, are alkyl. cycloalkyl. cydoalkenyl 
alkenyl. allcynyl. phenyl or heterocyclyl. each of which is optionally substitoted or 

hydrogen or R« and R^ogether with the atomCs) to Which they are attached can 
ring; 

andnis0to4, 

c<»»pfexes w» metal sdts. as ™u as s*. «a 1^ 
are acids a,d salts Wis, «d»f co.,p«„<b ^ ^ ^ ^ ^ ^ 

is hydrogen and 

» whe. Z is cart^xy. „«ta,c.*»yl or ahc^yoa^ 

pyridyl or pyrazinyl; and 

a) wl»„ Z is carboxy and „ is 0. A is not 2^3.p^ 
pyridyl or a 2-pyridyl group. 

PCT W09936391 discloses b-^enesulfbnaoUd., benzanUde. diatylsnlibne and 
<«»i*»«»e c«,^ds as fia^aeological .gents in the 
««nlariestenosis. infectlom, attetosetaosis and Iwetcholestaolenda: 




wiMMi. A iqiesQits N or C-R", B represents N or C-R=; and 

^ -.d^independ^uly reptesen. bydrogcn, halogen, \c,^y^ (Cl-C.,he,eroaIkyl 
-OR. -NRV, M, ^. -NO. ^(OV«V. or -N. wherein R« and R^ 

"na=P«dently selected tomhyd.08«.(c,<Oall^(C,<johe.m^ 

m is an integer of fiom 0 to 3; 

n is an integer of from Ito 2; 

and R3 are independently -0R\ and -^«R^ wherem R« and R^ are 

independently hydrogen, (Q-C6)alkyl, (Q.Q)hetetoalkyi; 



wo 01/55115 



PCTAJSOl/02478 



-6- 



is hydrogen, (CrC8)alkyl, (Ci-C8)heteroalkyI, -OR^®, -SR^*^, or-NR^V^ wherein R^° 
and R^^ are independently hydrogen, (CrC6)alkyl, (Ci-C6)heteroalkyl; 
optionally, R^ is linked to R^ to form a fused ring, R^ is linked to R^ to form a fused ring. 



X represents -S(0)p or -C(0>, wherein p is 1 or 2; 

Y represents a single bond, -CH2- or -N(R^^)-, wherein R^^ is selected from hydrogen, (Ci- 
C6)alkyl, (Ci-C6)heteroalkyl and aiylalkyl; and 
Zrepresents an aryl group or an arylalkyl group. 



The present invention is related to the discx)very that substituted nicotinamides and 
nicotinaiQide analogs as represented in Formula V are activators of the caspase cascade 
and inducers of apoptosis: 



or a pharmaceutically acceptable salt or prodrug thereof, wherein: 

Ar' and Ar are independenfly optionally substituted aryl or optionally substituted 
heteroaryl, jprovided that the ring stracture of said optionally substituted hetaroaryl 
comprises not more than two nitrogen atoms; and 

Rn is hydrogen; or alkyl, cycloalkyl, aryl or heteroaryl, each of which is optionally 
substituted. 

Thus, an aspect of the present invention is directed to the use of conq)ounds of 
Formula V as inducers of apoptosis. 

A second aspect of the present invention is to provide a method for treating, 
preventing or ameliorating neoplasia and cancer by administering a compound of Formula 
V to a mammal in need of such treatment. 



or R^ is linked to botii R^ and R^ to form two additional fused rings; 



Summary of the Invention 



o 




(V) 
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Many of flie cooqwmids within the scope of the present invention axe novel 
coinpounds. TT»««ft«e, a third of the present invention is to p«>vide novel 

(XHnpounds of Formula V, and to also provide for the use of these novel con^nnds for 
treating, preventing or ameUorating neoplasia and cancer. 

A fourth aspect of the present invention is to provide a phannaceutical composition 
useful for treating disorder, responsive to the induction of apoptosis. containing 
effective amount of a conqxHind of Fbrmula V in adnrixture with one 
pharmaceuticaUy acceptable carriers or diluaits. 

A fifth aspect of the present invention is directed to methods for the preparation of 
novel compounds of Formula V. 



an 
or mote 



^rief Description of the Drawings 

Figs. lA-B depict fluorescent micrographs of Jurkat cells as controls and as Heated 
with dmg and stained with a fluorescent DNA probe. Sytol6. Fig. lA depicts control 
cells. Fig. IB depicts cells treated with 5 pM of N-(4-methoxy-2.nitrophenyl>3- 
P3^dinecarboxamidefor24h,showingshnnikenandfragmenlednudei. • 

Fig. 2 is a graph showing mitotic arrest in Jurkat cells treated for 6 h with different 
concentrations of N-(4-meflioxy-2-nitrophenyl)-3.pyridinecarboxami^^^ Fxg. 2 shows 
^ing percent of mitotic arrest with increasing drug concentration up to a 
concentration of 5 pM. 

Figs. 3A-B are graphs showing dmg induced cell cycle anest and apoptosis in 
T47D cells. Fig. 3A: control cells showing most of the cells in G1(M2). Fig 3B- cells 
treated with 10 pM of N-(4-methoxy-2-nitrophenyl)-3-pyridinecarboxamide for 48 h 
showing a reduction in the Gl (M2), an increase in the G2M (M4) and sub^ploid DNA 
content of cells (Ml). 

Figs. 4A-B arc graph, showtog drag induced ceU ccle ««« »d apopto* i. 

*o«mg a rrfurto- in 4= 01(M2). «i taeaae in (M4) and aubniiploid DNA 

content of cells (Ml). 
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Fig. S is a graph showing inhibition of pioIif(^ation of HeLa cells treated for 48 h 
with difSraent concentrations of 6-chloro-N-(4-ethoxy-2-nitrophenyl)-3- 
pyridinecarboxaioide. Fig. 5 shows that 6-chloro-N-(4-ethoxy-2-nitrophenyl)-3- 
pyridinecaiboxamide inhibit colony formation of HeLa cells with an IC50 of about 100 nM, 

Detailed Description of the Invention 

The present invention arises out of the discovery that substituted nicotmamides and 
nicotinamide analogs, as represented in Fbrxnula V, are potent and higjily efficacious 
activators of the caspase cascade and inducers of apoptosis: 

O 

Ar (V) 

or a pharmaceutically acceptable salt or prodrug thereof, wherein: 

Ar^ and Ar are indq)endently optionally substituted aryl or optionally substituted 
heteroaryl, provided that the ring structure of said optionally substituted heteroaryl 
comprises not more than two nitrogen atoms; and 

Rn is hydrogen; or alkyl, cycloalkyl, aryl or heteroaiyl, each of which is optionally 
substituted. 

Therefore compounds of Formula V are useful for treating disorders responsive to 
induction of apoptosis. 

Specifically, compounds useful in this aspect of the present invention are 
represented by Formula I 

0 
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or pharmaceutically accq)table salts or prodrugs thereof, wherein: 

A is N or C-Rs; B is N or C-R9. D is N or C-Rio, E is N or C-Rg, F is N or C-R7, provided 

Aat not more than two of A, B, D, E, and F are N at the same time; 

At is optionally substituted and is aryl or heteroaiyl; 

R«-Rio are independently hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a 
heterocycUc group, a heteroaiyl group, alkyl, alkenyl, alkynyl, aiylaJkyi, arylalkenyl, 
aiylalkynyl, hetraoaiylaDtyl, heteroarylalkenyi, heteroarjdalkynyi, carbocydoalkyl, 
heterocydoalkyl, hydroxyalkyl, nitro, amino, aminoalkyl, cyano, cyanoalkyl, acyl, 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycaibonyl, aiyloxy, aiylalkoxy. 
haloalkoxy, carboxy, carboiqrlamido or all^lthiol; and 

Rn is hydrogen; or alkyl, cycloalkyl, aryl or heteroaryl, each of which is optionally 
substitoted. 

Preferred compounds of Formula I include compounds whaein Ar is optionally 
substituted phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl, thienyl, fiiryl, or pyrrolyl. 
Preferred compounds of Formula I also include compounds wherein A is N, B is C-Rg, D 
is C-Rio, E is C-Re and F is C-R7, Preferred compounds of Formula I also include 
conq)ounds wherein A and D are N, B is C-R9, E is C-Re and F is C-R7. Piefenced 
compounds of Formula I also include conqjounds wherein A and E are N, B is C-R9, D is 
C-Rio and F is C-R7. Preferred compounds of Foimnla I also mclude compounds wherem 
Rn is hydrogen. 

Preferred stractmes of Formula I are substituted nicotfaiamides and analogs 
represented by Formulae H-IV. In particular, a preferred embodiment is represented by 
Formula IL 




(II) 



or phaimaceuticaUy acceptable salts or prodrugs thereof, wherein R7, R9, Rn, D, E and Ar 
are as defined previously with respect to Formula 1 



wo 01/55115 



PCTAJSOl/02478 



-10- 



Preferred compounds falling vdfhin the scope of Formula n include compounds 
wherein Ar is optionally substituted phenyl or pyridyL Preferred compounds of Formula n 
also include compounds wherein D is C-Rio and E is C-R6. Preferred compounds of 
Formula II also include conapounds wherein D are N and E is C-R^. Preferred compounds 
of Formula 11 also include compounds wherein E are N and D is C-Rio- Preferred 
compounds of Formula n also include compounds wherein Re-R? and Rio are 
independently hydrogen or fluoro. 

Another preferred embodiment is represented by Formula IIL 



or pharmaceutically acceptable salts or prodrugs thereof, wherein R7, R9, Rn, D, and E are 
as defined previously with respect to Formula I; 

Ri-Rs are independently hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a 
heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, 
arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylaUcynyl, carbocycloalkyl, 
heterocycloalkyl, hydroxyalkyl, nitro, amino, aminoalkyl, cyano, cyanoalkyl, acyl, 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycarbonyl, aryloxy, arylalkoxy, 
haloalkoxy, carboxy, carbonylamido or alkylthiol; or 

Ri and R2, or R2 and R3, or R3 and R49 or R4 and R5 may be taken together to form a 
carbocycle or heterocycle, includiiig -OCH2O-, -{CHaV, -(CHa)^-, -OCHaCHiO-, 
-<:H2N(R)CH2-, -CH2CH2N(R)C3l2-. -CH2N(R)CH2CH2-, ^H=CH-CH=CH-, 
-N(R)-CH=CH-, -CH=CH-N(RK -0"CH=CH-, -CH=CH-0-, -S-CH=CH-, 
-CH=CH^, -N=CH-<:M=CH-, -CH=N--CH=CH--, -CH=CH-N=Cai-, 
--CH=C3I-C3I=N- and -N=CH"<3I=N-, wherein the carbocycle or heterocycle is 
optionally substituted, and R is hydrogen, Cmo alkyl, haloallq^l, aryl, fused aryl. 




(HI) 
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a^Mcnrt h=.=™^«„, ie^^y^ 

include compounds wherein E are N and D is C.R,„ iw«^» 

™° " ^ ^ "wened compounds of Ramula E 

also «tade cc^po^b wh^to r,r, r„ ^ ^ ^ 

nydrogen ot fluoio. Another sioud of nn.fi.«,aj ^ , 

'wi uicr group or preferred compounds of Fomuila m include 

conqwunds wherein Rn is hydrogen. 

Another preferred embodiment is represented by Foimuk IV: 




(IV) 

■R3 



or phan^eutically acceptable salts or prodrugs thereof, w^^ 
are as defined previously with respect to Fonnulae I and m. 

/-^^-i-mpoundsfallingwithinlhescopeofFonnuIalVincl^ 
wherem D . CR. and E is C-R.. Preferred compom^ds of R«nula U also include 
KMipomds wberem D are N and B k r » i>_«. a 

-tad.co«po™fe^BareN.,dDisC.R,. P..fe.edc<^as omn^IalV 
-ao oon^ ^ ^ Especiany p-efared 

"J™* Of IWU IV i^cl^ .^,„ , ^^^^ 

«K> »%l E^p^ially compoMd. of w alao iocWe c„n^ 

R, ,a,o, taloalicy, atty,, an^. oyano. ac^ox,. azido. aUo^. 
aiylalkoxy, haloalkoxy, or alkylthiol. 
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Another preferred embodiment is represented by Formula VI 




or a phannaceutically acceptable salt or prodrag thereof, wherein 

R1-R5, R7 and R9-R10 are independently hydrogen, halo, haloalkyl, haloalkoxy, aryl, 
fused aryl, carbocyclic, a heterocyclic group, a heteroaryl group, alkjrl, alkenyl, aUcynyl, 
arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroaiylalkenyl, heteroarylalkynyl, 
carbocycloaDsyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, aminoalkyl, cyano, 
cyanoaliyl, acyl, acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycarbonyl, 
aryloxy, arylalkoxy, carboxy, carbonylamido or alkyltibiol; and 

Ru is hydrogen; or alkyl, cycloalkyl, aryl or heteroaryl, each of which is optionally 
substituted. 

Another preferred embodiment is represented by Fonnula VTI: 




(VII) 



or a pharmaceutically acceptable salt or prodmg thereof, wherein: 

R1-R3, R5-R10 are are independently hydrogen, halo, haloallg^l, haloalkoxy, aryl, 
fused aiyl, carbocyclic, a heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, 
arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, 
carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, aminoalkyl, cyano. 
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«yl<»y.«ylan».y.carbox,,oaA«yto>i<k>„aMttiol.«K, 

invBnnoiiiiKlude,withontliiiiiiaiiM,: inMicKl of the 

Ar-(4.MeaK«y-2.,U«>pha,l>3i,,ridii«arix^ 
6<a^oro-^^<4.n»dK«j^2.dm5l».^>3-p,rtdi»c^^ 

*^3>l»«>-AK4-anoro-2-rt«pte,y,).3.pj,Hto^^ 
^oro.^<3-b„>„„^,y^^^^^,^3.^^^__^_^^^^ 

«:Uoro.iV<4^«^,oxy-2.^^^^3.j,j,j^j^ 

5,6-McUor^,,^4.„«ta^^,to>pte^^3.p,ri^^ 

«Moro^K4H7ano-2.ml,^yI>3^,,ridl«^^ 
«Wo«^<4«ho:Q,.j.,,ij,,p^^j^_^__^^ 

^■^"^'^•^^ypheuyW^db^arto^^ 
iV-(4-BttK>xj^2.,UttophM,I)-3-pyridineMrt>^ 

AK4.Eaoxy-2.m*vhe,,yI,.2.pyridtoeoartxKand^ 
ArK4-Ethoxy.2-MI„>phe,vi>5,,yriMdio«art«aMd4,- 
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6-Dimetfaylammo-iVK4-ethoxy-2-mtrophenyl>3-p^ 
6-CMoro-^^■<4-^buty^2.mt^ophenyl)-3-pyridme^ 
iV^(4-Ethoxy-2-mtrophenyl).l-ArK)xide-2-pyridinec^ 
6-Trifluoromethyl-iV^(4-ethoxy.2-mtrophenyl)-3-pyridine^ 
6<;hlorcHiV^(4-cUoro-2-trifluoromethylphenyl)-3-pyridm 
6-Methyl-iV-(4-ethoxy-2-mtrophenyl)-3-pyrazinecarboxamid^ 
6<Moro-iV^4^Uoro-2-cyanophenyl>3-py]idmecar^ 
iV-(4-Ethoxy-2-mtix)phenyl)-3-pyrazinecar^ 
6<Moro-iV^(2,4Hlimethyl-6-mtrophenyl)-3-py^ 
4-CUoromet&yl-^-(4-ethoxy'-2-iutiX}phenyl)-beiu^ 
6-Qiloro-iV-(3,4-dimethoxy-6-mtrophenyl>3-p 
6-Chlorc>-iV-(2-pyrazmyl)-3-pyridinecarboxainide; 
6-ChlorcHiV-(lrW.oxide-3-cyano-5-cWoromethyl-2-py^ 
pyridinecarboxamide; 

6-Chlorc>-A^-(2-cyan(>-4-methylphenyl)-3-pyridinecarboxaniid^ 

6-CMoro-iV-(4-cMorcK2-methyl-6-nitrophenyl)-3-pyridineca^ 

4-Trifluoromethyl-A^(4-ethoxy-2-nitrophenyl)-3-pyridine^^ 

6-CUoromethyl-iV^(4-ethoxy-2-nitrophenyl)-3-pyridm 

4-Qiloro-2-mtK)-iV^(6-chloro-3-pyridyl)-benzo 

4-Chloro-2-nitro-iV^(6-methoxy-3-pyridyl)-beM^ 

4-Bromomethyl-3-mtro-JV-(6-cUon)-3-pyri<tyl)-beiizoylaim 

i\r-(4-Ethoxy-2-nitK)phenyl>3-furancarboxamide; and 

i\r-(4-Ethoxy-2-nitrophenyl)-3-pym)lecaiiK)xarm 

The present invention is also directed to novel compounds within the scope of 
Formulae I-VH In one preferred embodiment, the novel compounds of the present 
invention are compounds of Formula HI: 
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(III) 



or phannaceuticaUy acceptable salts or prodrugs thereof, wherein: 

^' ^ independeritly sdected fiom the group consis^^ 
hydroxy, alkyl. alkoxy. halogen. NO., cyano, haloalky, haloalkoxy. and 

a^oalkyi.provided that at least one ofR^andRsissdectedfton.^ 
NP2, cyano. aSkyl and haloalkyl; 

^ «^ independently selected from the group consisting of hydrogen 
hydroxy, halogen, cyano. haloalkyl. haloalkoxy. anmo and andnoalkyl- 

^ CI. F. haloall^l. alkoxy. arylalkoxy, cyano. halo^^^^ 
aminoalkyl; 

is hydrogen, hytoxy, ajky,, NCfe. cyano. haloaH* idcOcjte^. „ 
ammoalfcyl; 

^' '«'<^ M™^-. dkyi, NO^ c,™^ M«fty,. taio^,^, ^ ^ 

ammoalkyl; 

R, is hydros. ,ttyl 

or aminoalkyl; 

R,. fe hydn,g«. hya™^, F. NQ. cyano. haloaftyl. Moalkyloxy. amino 

oranainoallqfl; and 

Rii is hydrogen, alkyl or haloalkyl. 
compounds of Fonnula IV: 
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or phaimaceutically acceptable salts or prodrugs thereof, wh^in: 

R3 is alkyl, CI, F, haloalkyl, alkoxy, aiylalkoxy, cyano, haloalkyloxy, amino or 
aroinoalkyl; and 

R9 is hydroxy, aU^l, halogen, NO2, haloalkyl, alkoxy, cyano, haloalkyloxy, antiino 
or aminoalkyl. 

In another preferred embodiment, the compounds of the present invention are 
compounds of Formula (VI): 



or pharmaceutically acceptable salts or prodrugs thereof, wherein 

R1-R5, R7 and R9-R10 are independently hydrogen, halo, haloalkyl, haloalkoxy, aryl, 
fused aryl, carbocyclic, a heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, 
arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, 
carbocycloalkyl, heterocycloallgrl, hydroxyalkyl, nitro, amino, aminoalkyl, cyano, 
cyanoalkyl, acyl, acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycarbonyl, 
aryloxy, aiylalkoxy, carboxy, carbonylamido or allgrltfaiol; and 

Rn is hydrogen; or alkyl, qsrcloalkyl, aryl or heteroaryl, each of which is optionally 
substituted. 

In another preferred embodiment, the novel compounds of the present invention are 
compounds of Formula (VH): 




Rio 
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^1 0 














^1 1 ?1 






-V^N^Js^^R^ 




R7 




(VII) 


Rg-^^tr R3 





or phartnaceutically acceptable salts or prodrugs thereof, wherein: 

RrRs, Rs-Rjo are independently hydrogen, halo, haloallqd, haloalkoxy, aryl, fused 
aiyl, carbocyclic, a heterocyclic group, a heteroaiyl group, alkyl, altenyl, alkynyl, 
aiylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl. heteroaiylalkenyl, heteroarylalkynyl, 
carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, aminoalkyl, cyano, 
cyanoalkyl, acyl, acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycarbonyl, 
aryloxy, aiylalkoxy, carboxy, carbonylamido or alkylthiol; and 

Rii is hydrogen; or alkyl, cycloalkyl, aryl or heteroaryl, each of which is optionally 
substituted. 

More preferably at least one of Re and R7 is selected froni the group consisting of NO2. 
cyano, alkyl and haloalkyl. 

Exemplary preferred compounds of the present invention include, without 
limitation: 

6-CWon)rAr-(4-methoxy-2-nitrophenyl)-3-p^ 

6<ailororAK4-ethoxy-2-nitrophenyl>3-pyridineca^ 

6-CMoro-i\^(4-methyl-2-iutrophenyl)-3-pyridinecarboxam 

6"ailon>-^<4-methoxy"2-nitrophenyl)-l-iS^oxide-3-pyTidi^ 

6-adoro-iV-(4-cWoro-2-nitrophenyl)-3-pyridinecarboxamide; 

6-ailoro-iV-(4,5-difluoro-2"nitrophenyl>3-pjaidiDec^^ 

6-Huoro-J\r-(4-ethoxy-2-nitrophenyl)-3-pyridinecarboxaimde; 

6-CMoro-7V-(4-fluoro-2-nitrophenyl)-3-pyridinecaiboxamide; 

6-Cmoro-iV<4-trifluoromethyl-2-nitrophenyl>3-pyridinecarboxan^ 

6-ailoroW-(3-bromo4-methoxy-^-iiitrqphenyl)-3-pyridinec^ 

6-CMoro-i\r-(2-nitro-4-trifluoromethoxyphenyl)-3-pyiidiE^^ 

6-CWoroTAr--(4-ben2yloxy-2-nitrophenyl)-3-pyridinecaibox^ 
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6-Methyl-iV-(4-etlioxy-2-iiitiophenyl)-3-pyddmecarto 
S,6-DicUQn>r^-(4-methoxy-2-mtrophenyl^^^ 
6<:;hloro-iV^(2-methyl-4-methoxyphenyl)-3-pyridine^^ 
6-CWoro-iSr-(4K:yano-2-mtrophenyl)-3-pyridme^^ 
5 4-CMoio-iV^(4-ethoxy-2-mtrophenyl)-benzoylamide; 

6-CUoro-iV^(4-ethoxy-2-mtrophenyl)-Ar-methyl-3-py^ 
6-Chloio-N-(2-^ano-4»5-dixDethoxyphenyl>3-pyrid^ 
6<2,2,2-T]Muon)efhoxy)-iV^(4-ethoxy-2-mtiophenyl)-^^ 
Ar-(4-Ethoxy-2-mtrophenyl)-2-pyridinecarboxanude; 

10 iV-(4-Ethoxy-2-iiitrophenyl)-5-pyriimdineca^^ 
6-Dimethylainino-iV^(4-ethoxy-2-mtro 
6<Woro-iV^(4-^buty^2-nitrophenyl)-3-pyrid^ 
i\^(4-Ethoxy-2-mtrophenyl>l-iV^xide-2-pyridm 
6-Tiifluoroinethyl-A^-(4-ethoxy-2-mtrophenyl)-3-pyri 

15 6-CMoro-iV^(4K:Uoro-2-tiifluoromethylphenyl)-3"pyri 

6-Me11iyl-iV-(4-ethoxy-2-mtrophenyl)-3-pyrazinecarboxam 
6-CWor(>-iV-(4-cUoro-2-cyanophenyl)-3-pyridinecarb^ 
iV-(4-Ethoxy-2-nitxophenyl)-3-pyrazinecarboxaimde; 
6-CUoro-JV^(2»4-dimeifayl-6-mtiophen^ 

20 4-CWoroiiielliyl-iVK4-^thoxy-2-nitrophenyl)-be^ 
6-aiioix)-iV^3,4-diinethoxy-6-mlic^ 
6<Moio-JV-(2-pyrazmyl)-3-pyridinecaiboxa^ 
6-CWon>-iV^(l-iV^oxide-3-cyanc)-5-cUoromethyl^^^ 
pyridinecarboxamide; 

25 6-Chloro-iV^(2-<^yano-4-methylphenyl>3-pyridinec^ 

6-abloro-iV^(4K:Moro-2-methyl-6-nitrophenyl)-3-pyridinec^ 
4-Tiifluoromethyl-JV-(4-ethoxy-2-nitix)pheEyl)-3-pyrid^ 
6<^oromethyl-iV-(4-ethoxy-2-mtrophenyl)-3-pyri^ 
4<IUoix)-2-nitiXHiV-(6-cUoro-3-pyridyl)-benzoyl^^ 

30 4-CIhlorcH2-nitio-iVK6-methoxy-3-pyridyl)^ and 

4-Bromometbyl-3-mtio-iV^(6K5Moio-3-pyridyl)-ben^ 
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Usefid alkyl groups include straight-chained and branched Cmo alkyl groups, more 
preferably Ci^ alkyl groups. Typical Cmo alkyl groups include methyl, ethyl, propyl, 
isopropyl, butyl, jec-butyl, r^;t-butyl, 3-pentyl, hexyl and octyl groups, which may be 
optionally substituted 

Useful alkoxy groups include oxygen substituted by one of the Cmo alkyl groups 
mentioned above, which may be optionally substituted. 

Useful alkyltbio groups include sulphur substituted by one of the Q.io alkyl groups 
mentioned above, which may be optionally substituted. Also included are the sulfoxides 
and sulfones of such alkyltbio groups. 

Useful amino groups mclude -NH2, -NHR15 and -NR15R16, wherein R15 and Rie 
are Cmo alkyl or cycloalkyl groups, or R15 and R16 are combmed with the N to form a ring 
structure, such as a piperidine, or R15 and R16 are combined with the N and other group to 
form a ring, such as a piperazine. The alkyl group may be optionally substituted. 

Optional substituents on the alkyl groups include one or more halo, hydroxy, 
carboxyl, amino, nitro, cyano, Ci-Q acylamino, CrQ acyloxy, Ci-Q alkoxy, aryloxy, 
alkyltbio, Q-Cio aiyl, C4-C7 cycloalkyl, Ca-Q alkenyl, C2-C6 alkynyl, C^-Cio 
aryl(C2-C6)alkenyl, Q-Cio aryl(C2-C6)al]q^yl, saturated and unsaturated heterocyclic or 
heteroaryl. 

Optional substituents on the aryl, aralkyl and heteroaryl groups include one or more 
halo, Ci-Ce haloalkyl, Ce-Cio aryl, C4-C7 cycloalkyl, Q-Ce alkyl, Ca-Q alkenyl, C2-C6 
alkynyl, Cg-Cio aryl(CrC6)alkyl, Q-Cio aryl(C2-C6)alkenyl, Q-Cio aryl(C2-C6)alkynyl, 
Ci-Ce hydroxyalkyl, nitro, amino, ureido, cysno, Q-Q acylamino, hydroxy, thiol, Ci-Q 
acyloxy, azido, Ci-Ce alkoxy or carboxy. 

The term "aryl" as employed herein by itself or as part of another group refers to 
monocyclic, bicyclic or tricyclic aromatic groups containing from 6 to 14 carbons in the 
ring portion. 

Useful aryl groups include Ce-u aryl, preferably Ce-io aiyL Typical Ce-w aryl 
groups mclude phenyl, naphthyl, phenanthrenyl, antfaracenyl, indenyl, azulenyl, biphenyl, 
biphenylenyl and fluorenyl groups. 

Useful cycloalkyl groups are Cs^s cycloalkyl. Typical cycloalkyl groups include 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyL 
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Useful saturated or partially saturated carbocyclic groups are cycloalkyl groups as 
described above, as well as cydoalkenyl groups, such as cyclopentenyl, cycloheptenyl and 
cyclooctenyl. 

Useful halo or halogen groups include fluorine, chlorine, bromine and iodine. 

Useful arylalkyl groups include any of the above-mentioned Cmo alkyl groups 
substituted by any of the above-mentioned C^u aiyl gioups. Pceferably the arylakyl group 
is benzyl, phenethyl or naphthyhnethyL 

Useful haloallsyl groups include Ci.io alkyl groups substituted by one or more 
fluorine, chlorine, bromine or iodine atoms, e.g., fluoromediyl, difluoromethyl, 
trifluoromethyl, pentafluoroethyl, 1,1-difluoroethyl, chloromethyl, chlorofluoromethyl and 
trichloromethyl groups. 

Useful acylamino (acylamido) groups are any Ci^ acyl (aUcanoyl) attached to an 
amino nitrogen, e.g., acetamido, chloroacetamido, propionamido, butanoylainido, 
pentanoylamido and hexanoylamido, as well as aiyl-substituted Ci-6 acylamino groups, 
e.g., benzoylamido, and pentafluorobenzoylamido. 

Useful acyloxy groups are any Ci^ acyl (alkanoyl) attached to an oxy (-0-) group, 
e.g., formyloxy, acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy and hexanoyloxy. 

The term heterocycle is used herein to mean a saturated or partially saturated 3-7 
membered monocyclic, or 7-10 membered bicyclic ring S3^tem, which consists of carbon 
atoms and from one to four heteroatoms independently selected fiom the group consisting 
of O, N, and S, wherein the nitrogen and sulfur heteroatoms can be optionally oxidized, 
the nitrogen can be optionally quatemized, and including any bicyclic group in which any 
of the above-defined heterocyclic rings is fused to a benzene ring, and wherein the 
heterocyclic ring can be substituted on carbon or on a nitrogen atom if the resulting 
compound is stable. 

Useful saturated or partially saturated heterocyclic groups include 
tetrahydrofuranyl, pyranyl, piperidinyl, piperazinyl, pynolidinyl, imidazolidinyl, 
imidazolinyl, indolinyl, isoindolinyl, quinuclidinyl, morpholinyl, isochromanyl, 
chromanyl, pyrazolidinyl pyrazolinyl, tetronoyl and tetramoyl groups. 
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The tenn *lieteroaiyr* as employed herein refers to groups having 5 to 14 ring 
atoms; 6, 10 or 14 7C electrons shared in a cyclic array; and containing carbon atoms and 1, 
2 or 3 oxygen, nitrogen or sulfur heteroactoms. 

Useful heteroaryl groups include thienyl, benzo[b]thienyl, naphtho[2,3-b]thienyl, 
thianthrenyl, furyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl, phenoxanthiinyl, 2ff- 
pyrrolyl, pynrolyl, imidazolyl» pyrazolyl, pyridyl, pyrazinyl, pyiimidinyl, pyridazinyl, 
indolizinyl, isoindolyl, 3ff-indolyl, indolyl. indazolyl, puiinyl, 4H-quinolizinyl, 
isoquinolyl. quinolyl, phthalzinyl, naphthyridinyl, quinozalinyl, cinnolinyl, pteridinyl, 
carbazolyl, p-carbolinyl, phenanthridinyl, aciindinyl, perimidinyl, phenanthrolinyl, 
phenazinyl, isothiazolyl, phenothiazinyl. isoxazolyl, fuiazanyl, phenoxazinyl, 1,4- 
dihydroquinoxaline-2,3-dione, 7-aminoisocoumarin, pyrido[l,2-a]pyrimidin-4-one, 1,2- 
benzoisoxazol-3-yl, benzimidazolyl, 2-oxindolyl and 2-oxoben2imidazolyl. Where the 
heteroaryl group contains a nitrogen atom in a ring, such nitrogen atom may be in the form 
of an N-oxide, e.g., a pyridyl N-oxide, pyrazinyl N-oxide and pyrimidinyl N-oxide. 

Some of the compounds of the present invention may exist as stereoisomers 
including optical isomers. The invention includes all stereoisom^ and both the racemic 
mixtures of such stereoisomers as well as the individual enantiomers that may be separated 
according to methods that are well known to those of ordinary skill in the art 

Examples of pharmaceutically acceptable addition salts include inorganic and 
organic acid addition salts such as hydrochloride, hydrobromide, phosphate, sulphate, 
citrate, lactate, tartrate, maleale, fumarate, mandelate and oxalate; and inorganic and 
organic base addition salts with bases such as sodium hydroxy, 
Tris(hydroxymethyl)aminomethane (TRIS, tromethane) and N-methyl-glucamine. 

Examples of prodrugs of the compounds of the invention include the simple esters 
of carboxylic acid containing compounds (e.g., those obtained by condensation with a Cm 
alcohol according to methods known in the art); esters of hydroxy containing compounds 
(e.g., those obtained by condensadon with a Cm carboxylic acid, Cs^ dioic acid or 
anhydride thereof such as succinic and fumaric anhydrides according to methods known in 
die art); imines of ammo containing compounds (e.g., those obtained by condensation with 
a Cm aldehyde or ketone according to methods known in the art); carbamate of amino 
containing confounds such as those described by Leu, et. al, (J. Med Chem. 42:3623- 
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3628 (1999)) and Gieenwald, et aL, {J. Med. Chem. 42:3657-3667 (1999)); and acetals 
and ketals of alcohol containing compounds (e.g., those obtained by condensation wiA 
chloromethyl methyl ether or chloromethyl ethyl ether according to methods known in tiie 
art). 

The compounds of this invention may be prepared using methods known to those 
skiUed in the art, or the novel methods of this invention. Specifically, the compounds of 
this invention with Formulae I-Vn may be prepared as illustrated by the exemplary 
reaction in Scheme 1. Reaction of an acyl chloride with an amine in the presence a base, 
such as triethylamine or iV^iV^liisopropylethylamine produces die amide. 

Scheme 1 




Alternatively, reaction of an acid with an amine in the presence of a coupling 
reagent such as EDC, or cyanuric chloride, also produces the amide as shown by the 
exemplary reaction in Scheme 2. 

Scheme 2 




An important aspect of the present invention is the discovery that compounds 
having Formula I- VII are activators of caspases and inducers of apoptosis. Therefore, 
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*«. con^ « useM ta a Of cltaical coodittoos in whi* tt,«e h 

""ontnJfed cdl g«™* and spread of abacmial cella, 

^'^i'"«»«»'=^P=«ofth.pi«e.,inv™ttonfetodi«^ 
ba™gBo™alaI-ATIa«p«™tandlagl*efflcadonsacdv«o«„f^ 

ofap„p»sbind.ag^laan,oa»c«c»ns,su*.sl««.nd,™«tec«^odls.w 
enables a,«.componnds to Mil Aes. .tag b c«np,daon 

aandani antt-cancer dmg. a„ no. etott« to Mlling dmg «d«.n, 

^ ^ndidons. llo^ore. eon,po»Kls of ttds to««i«. are naas tt„ 

drag resistant cancer in animals. 

Tto presem mventlon includes a U»ap««ic mettod mefia ,o modulate v(vc 
Wosis or « vft. n^^laatfc di».se, con^sing adnnni«ering .o a subject in need of 
deatoent an effeettvc amonn. of a eon^d. or a pharmaceu«cally aecepable sal. 
»r P^drug of to eon^ of Fonnulae l-vn. which tocdons as a ca^ cascade 
activator and inducer of apoptosls. 

The presen. tovendon also includes a topeudc meBiod comprising adndnistotog 
to an anto^I an effective anioun, „f a con^ponnd, or a pham-aceuaca, accep«ble saB or 
predrug of said con.pound of Fom-ulae I-VH. wherein said fl.«^c medtod is „seM to 

.rea. cancer, which is a group Of diseases characteriad b, to nnoonWled gmwd. and 
spread Of abnormal cells. Such diseases fadude. b« are no. llnd«d to. Hodgtto^ disease 
.on-Hodgidn's lymphomas, acnto lymphocjtic Ieu»»ia, chronic lyr^hocic leukemia.' 
■-taplc myeloma, neutoblastoma, hreas. cacmomas. ovarii cacmomas. lung 
c-cmomas. Wihns' mmor. cereal caremomas. tesdcular carctoomas. soft-dssue 
«^ primary mactogioboltoemia, bladder carcmomas, chonic granuloc^c 
leutoma. primary brain carcmomas. malignan. melanoma, small-ceU lung ca«dnomas 
aomach cardr^nas, colon carcinomas. maUguan. pauoeadc insulinoma, maHgnan." 
earmold carctoomas. maliguan. metoomas. choriocareinomas. ^ ftmgoides. head 
or neck carcmomas. osteogenic sareoma. p^e carcmomas. ac«e gnumlocydc 
iairy ceU leukemia. neun*lastoma. drabdomyosanx™. Kaposi's sar«ma, 
gemtounnary carcinomas. a.y„id ,arcin<m,as. esophageal ca^tocmas. »^ 
hypercalcemia, cervical hyperplasia, renal ceU caremomas. endomeWal carcmomas 
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polyc^emia vera, essential thrombocytosis, adrenal cortex carcinomas, skin cancer, and 
prostatic carcinomas. 

In practicing the therapeutic methods, effective amounts of compositions 
containing therapeutically effective concentrations of the compounds formulated for oral, 
intravenous, local and topical application, for the treatment of neoplastic diseases and 
other diseases in which caspase cascade mediated physiological responses axe iinplicated, 
axe administered to an individual exhibiting the symptoms of one or more of these 
disorders. The amounts are effective to ameliorate or eliminate one or more syno^toms of 
the disorders. An effective amount of a compound for treating a particular disease is an 
amount that is sufficient to ameliorate, or in some maimer reduce, the symptoms 
associated with the disease. Such amount may be administered as a single dosage or miay 
be administered according to a regimen, whereby it is effective. The amount may cure the 
disease but, typically, is administered in order to ameliorate the symptoms of the disease. 
Typically, repeated administration is required to achieve the desired amelioration of 
symptoms 

Id another embodiment, a pharmaceutical composition comprising a compoimd, or 
a pharmaceutically acceptable salt of said compound of Formulae I-Vn, which functions as 
a caspase cascade activator and inducer of ^poptosis in conlbination with a 
pharmaceutically acceptable yehicle is pxovided. 

Another embodiment of the present invention is directed to a composition effective 
to inhibit neoplasia conq>rising a compound, or a pharmaceutically acceptable salt or 
prodrug of said compound of Formulae I-Vn, which functions as a caspase cascade 
activator and inducer of apoptosis, in combination with at least one known cancer 
chemotherapeutic agent, or a pharmaceutically acceptable salt of said agent. Examples of 
known cancer chemotherapeutic agents which may be used for combination therapy 
include, but not are limited to alkylating agents such as busulfan, cis-platin, mitomycin C, 
and carboplatin; antimitotic agents such as colchicine, vinblastine, paclitaxel, and 
docetaxel; topo I inhibitors such as camptothecin and topotecan; topo II inhibitors such as 
doxorubicin and etoposide; RNA/DNA antimetabolites such as 5-azacytidine, 5- 
fluorouracil and methotrexate; DNA antimetabolites such as 5-fluon>-2'-deoxy-uridine, 
ara-C, hydroxyurea and thioguanine; antibodies such as Herceptin® and Rituxan®. Other 
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known cancer chemotherapeutic agents which may be used for combination therapy 
include melphalan, cWoi^udl, cyclophosamide. ifosfamide, vincristine, mitoguazone, 
eiMTubicin, aclarabicin, bleomycin, mitoxantrone, elUptinium, fludarabine, octreotide, 
retinoic acid, tamoxifen and alanosine. 

Id practicing the methods of the present invention, the compound of the invention 
may be administered together with at least one known chanoth^eutic agent as part of a 
unitary pharmaceutical composition. Alternatively, tiie conqmund of the inventicm may be 
administered i^art fixan at least one known cancer chemotherapeutic agent. In one 
embodiment, the compound of the invention and at least one known cancer 
chemother^utic agent are administered substantiaUy simultaneously, i.e. the compounds 
are administered at the same time or one after the other, so long as the compounds reach 
therapeutic levels in the blood at the same time. On another embodiment, the con^und 
of the invention and at least one known cancer chemotiierapeutic agent are administered 
accordmg to their individual dose schedule, so long as the compounds reach therapeutic 
levels in the blood. 

Another embodiment of die present invention is directed to a composition effective 
to inhibit neoplasia comprising a bioconjugates of said conq)ound of Formulae I-Vn, 
which functions as a caspase cascade activator and induca: of ^ptosis, in bioconjugation 
with at least one known therapeutically useful antibody, such as Hetceptin® or Rituxan®, 
growth factors such as DGF, NGF, cytokines such as IL-2, JL4, or any molecule that binds 
to the cell surface. The antibodies and other molecules will deUver the compound of 
Fbimulae I-VH to its targets and make it an effective anticancer agent. The bioconjugates 
could also enhance the anticancer efGect of ther^uticaUy useful antibodies, such as 
Herceptin® or Rituxan®. 

Similarly, another embodiment of the present invention is directed to a 
composition effective in inhibiting neoplasia conq)rising a compound, or a 
pharmaceutically acceptable salt or prodrag of said con:pound of Fbrmulae I-VD, which 
functions as a caspase cascade activator and inducw of q)optosis. in combination wifli 
radiation therapy. In this embodiment, the compound of the invention may be 
administered at the same time as die radiation thersqpy is administered or at a diffaent 
time. 
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Yet another embodiment of the present invention is directed to a composition 
effective for post-surgical treatment of cancer, con^rising a compomid, or a 
pharmaceutically acceptable salt or prodrug of said compound of Formulae I-VII, which 
functions as a caspase cascade activator and inducer of apoptosis. The invention also 
relates to a method of treating cancer by surgically removing the cancer and then treating 
the animal with one of the pharmaceutical compositions described herein. 

A wide range of inmiune mechanisms operate rapidly following exposure to an 
infectious agent Depending on the type of infection, rapid clonal expansion of the T and 
B lymphocytes occurs to combat tiie infection. The elimination of the effector cells 
following an infection is one of the major mechanisms for maintaining immune 
homeostasis. The elimmation of the effector cells has been shown to be regulated by 
apoptosis. Autoimmune diseases have lately been determined to occur as a consequence 
of deregulated cell death. In certain autoimmune diseases, the immune system directs its 
powerfiil cytotoxic effector mechanisms against specialized cells such as oligodendrocytes 
in multiple sclerosis, the beta cells of the pancreas in diabetes mellitus, and thyrocytes in 
Hashimoto^s thyroiditis (Ohsako, S. & Elkon, K.B., Cell Death Differ. 6:13-21 (1999)). 
Mutations of the gene encoding the lymphocyte apoptosis receptor Fas/APO-l/CD95 are 
reported to be associated with defective lyn:q)hocyte apoptosis and autoimmune 
lymphoproliferative syndrome (ALPS), which is characterized by chronic, histologically 
benign splenomegaly, generalized lymphadenopathy, hypergammaglobulinemia, and 
autoantibody formation. (Infante, A.J., et aL, J. Pediatr. 753:629-633 (1998) and 
Vaishnaw, A.K., et al., J. Clin. Invest. 103:355-363 (1999)). It was reported that 
overexpression of Bcl-2, which is a member of the bcl-2 gene family of programmed cell 
death regulators with anti-apoptotic activity, in developing B cells of transgenic mice, in 
the presence of T cell dependent costimulatory signals, results in the generation of a 
modified B cell repertoire and in the production of pathogenic autoantibodies (Lopez- 
Hoyos, M., et al, Int J. Mol Med. 7:475-483 (1998)). It is therefore evident that many 
types of autoimmune disease are caused by defects of the apoptotic process. One 
treatment strategy for such diseases is to turn on qxiptosis in the lymphocytes that are 
causing the autoimmune disease (O'Reilly, L.A, & Strasser, A., Inflamm. Res. 48:5-21 
(1999)). 
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Fas-Fas ligand (FasL) intacaction is known to be required for the maintenance of 
immune homeostasis. E3q)erimental autoimmune thyroiditis (EAT), characterized by 
autoreactive T and B cell responses and a maiired lymphocytic infiltration of the thyroid, is 
a good model to study the therapeutic effects of FasL. Batteux. R, et aL, (7. Immunol 
752:603-608 (1999)) reported that by direct mjection of DNA expression vectors encoding 
FasL into the inflammed thyroid, the development of lymphocytic infiltration of tlie 
thyroid was inhibited and induction of infiltrating T cells death was observed. These 
results show that FasL expression on fliytocytes may have a curative effect on ongoing 
EAT by inducing death of pathogenic autoreactive infiltrating T lymphocytes. 

Bisindolyhnaleimide Vm is known to potentiate Fas-mediated apoptosis in human 
astrocytoma 1321N1 cells and in Molt-4T cells; both of which were resistant to apoptosis 
induced by anti-Fas antibody in the absence of bisindolylmaleimide Vm. Potentiation of 
Fas-mediated apoptosis by bisindolylmaleimide Vm was reported to be selective for 
activated, rather than non-activated, T cells, and was Fas-dependent 23iou T., et aL, (Nat. 
Med. 5:42-48 (1999)) reported that administration of bisindolylmaleimide Vm to rats 
during autoantigen stimulation prevented tiie development of symptoms of T cell-mediated 
autoimmune diseases in two models, the Lewis rat model of experimental allergic 
encephaUtis and the Lewis adjuvant arthritis modd. Therefore, tiie application of a Fas- 
dependent q)optosis Mihancer such as bisindolylmaleimide VIH m^ be ther^utically 
usefiil for die more effective elimination of detrimMital cells and inhibition of T cell- 
mediated autoimmune diseases. Therefore an efBective amount of a compound, or a 
pharmaceutically acceptable salt or prodrug of tiie compound of Formulae I-VH, which 
fiinctions as a caspase cascade activator and inducer of apoptosis, should be an effective 
treatment for autoimmune diseases. 

Psoriasis is a chronic skin disease that is characterized by scaly red patohes. 
Psoralen plus ultraviolet A (PUVA) is a widely used and effective treatment for psoriasis 
vulgaris and Coven, et aL, PhotodermatoL PhotoimnamoL Photomed. iJ:22-27 (1999), 
reported tiiat lymphocytes treated with psoralen 8-MOP or TMP and UVA, displayed 
DNA degradation patterns typical of apoptotic ceU death. Ozawa, et oL, J. Exp. Med. 
iS9:711-718 (1999) reported fliat induction of T ceU apoptosis could be the main 
mechanism by which 312-nm UVB resolves psoriasis skin lesions. Low doses of 
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methotrexate may be used to treat psoriasis to xestore a clinicaUy normal skin. Heenen, et 
oL, Arch. Dermatol Res. 290:240-245 (1998), reported that low doses of methotrexate 
may induce apoptosis and that this mode of action could explain the reduction in 
epidermal hyperplasia during treatment of psoriasis with methotrexate. Therefore, an 
5 effective amount of a confound, or a pharmaceutically acceptable salt or prodrug of the 

compound of Fbmiulae I- VII, which functions as a caspase cascade activator and inducer 
of ^ptosis, should be an effective treatment for psoriasis. 

Synovial cell hyperplasia is a characteristic of patients with rheumatoid ardiritis 
(RA). It is believed that excessive proliferation of RA synovial cells, as well as defects in 

10 synovial cell death, may be responsible for synovial cell hyperplasia. Wakisaka, et aL, 

Clin. Exp. Immunol 119-128 (1998), found that although RA synovial cells could die 
via ^ptosis through a Fas/FasL pathway, apoptosis of synovial cells was inhibited by 
pFoinflanmiatoiy cytokines present within the synovium. Wakisaka, et aL, also suggested 
that inhibition of apoptosis by the proinflammatory cytokines may contribute to the 

15 outgrowth of synovial ceUs, and lead to pannus formation and the destruction of joints in 

patients with RA. Therefore, an effective amount of a compound, or a pharmaceutically 
acceptable salt or {nodrug of the compound of Formulae I-Vn, which functions as a 
caspase cascade activator and inducer of apoptosis, should be an effective treatment for 
rheumatoid arthritis. 

20 There has been an accumulation of convincing evidence that apoptosis plays a 

major role in promoting resolution of the acute inflammatory response. Neutrophils are 
constitutively programmed to undergo apoptosis, thus limiting their pro-inflammatory 
potential and leading to rapid, specific, and non-phlogistic recognition by macrophages 
and semi-professional phagocytes (SaviU, J., /. Leukoc. Biol 5i:375-380 (1997)). 

25 Boirivant, et al„ Gastroenterology 776:557-565 (1999), reported that lamina propria T 

cells, isolated from areas of inflammation in Crohn's disease, ulcerative colitis, and other 
inflammatory states, manifest decreased CD2 pathway-induced s^ptosis. In addition, 
studies of cells fix>m inflamed Crohn's disease tissue indicate that this defect is 
accompanied by elevated Bcl-2 levels. Therefore, an effective amount of a compound, or 

30 a pharmaceutically acceptable salt or prodmg of the compound of Formulae I- VII, which 
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functions as a caspase cascade activator and inducer of apoptosis, should be an effective 
treatmrat for inflammation. 

Pharmaceutical compositions within the scope of this invention include all 
compositions wherein tiie compounds of flie present invention are contained in an amount 
that is effective to achieve its intended purpose. While individual needs vary, 
determination of optimal ranges of effective amounts of each component is within the skill 
of the art. Typically, the compounds may be administ^ied to mammals, e.g., humans, 
orally at a dose of 0.0025 to 50 mg/kg of body wei^t, per day, or an equivalent amount of 
the phannaceutically acceptable salt thereof, to a manmial being treated for apoptosis- 
mediated disorders. Preferably, about 0.01 to about 10 mg/kg of body weight is orally 
administered to treat or prevent such disorders. For intramuscular injection, flie dose is 
generally about one-half of the oral dose. For example, a suitable intramuscular dose 
would be about 0.0025 to about 25 mg/kg of body weight, and most preferably, from about 
0.01 to about 5 mg/kg of body weight. If a known cancer chemotherapeutic agent is also 
administered, it is admioistered in an amount tiiat is effective to achieve its intended 
purpose. The amounts of such known cancer chemotiierapeutic agents effective for cancer 
are weU known to those of skill in the art. 

The unit oral dose may comprise from about 0.01 to about 50 mg, preferably about 
0.1 to about 10 mg of tiie compound of the invention. The unit dose may be administered 
one or more tunes daily as one or more tablets each containing from about 0. 1 to about 10, 
convenienfly about 0.25 to 50 mg of the compound or its solvates. 

In a topical formulation, the compound may be present at a concentration of about 
0.01 to 100 mg per gram of carrier. 

In addition to administering the compound as a raw chemical, the compounds of 
the invention may be administered as part of a pharmaceutical preparation containing 
suitable phannaceutically acceptable carriers comprismg excipients and auxiliaries which 
facilitate processing of die conipounds into preparations which may be used 
pharmaceutically. Preferably, the preparations, particularly fliose preparations which may 
be administered orafly and which may be used for flie preferred type of administration, 
such as tablets, dragees, and capsules, and also preparations which may be administered 
rectally, such as suppositories, as well as suitable solutions for administration by injection 
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or orally, contain from about 0.01 to 99 percent, preferably from about 0.25 to 75 percent 
of active compound(s), together with the excipient. 

Also included within the scope of the present invention are the non-toxic 
pharmaceutically acceptable salts of the compounds of the present invention. Acid 
addition salts are formed by mixing a solution of the particular apoptosis inducers of the 
present invention with a solution of a pharmaceutically acceptable non-toxic acid such as 
hydrochloric acid, fumaric acid, maleic add, succinic acid, acetic acid, citric acid, tartaric 
acid, carbonic acid, phosphoric acid, oxalic add, and the like. Basic salts are formed by 
mixing a solution of the particular apoptosis inducers of the present invention with a 
solution of a pharmaceutically acceptable non-toxic base such as sodium hydroxide, 
potassium hydroxide, choline hydroxide, sodium carbonate, Tris, N-methyl-glucamine and 
the like. 

The pharmaceutical compositions of the invention may be administered to any 
animal which may experience the beneficial effects of the compounds of the invention. 
Foremost among such animals are mammals, e.g., humans and veterinary animals, 
although the invention is not intended to be so limited. 

The pharmaceutical cornpositions of the present iQvention may be administered by 
any means that achieve thek mtended purpose. For exaiiq)le, admmistration may be by 
parenteral, subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, buccal, 
intrathecal, intraaraiual, intranasal or topical routes. Alternatively, or concurrently, 
administration may be by the oral route. The dosage administered will be dependent upon 
the age, health, and weight of the recipient, kmd of concurrent treatment, if any, frequency 
of treatment, and the nature of the effect desired. 

The pharmaceutical preparations of the present invention are manufactured in a 
manner which is itself known, for example, by means of conventional mixing, granulating, 
dragee-making, dissolving, or lyophilizing processes. Thus, pharmaceutical preparations 
for oral use may be obtained by combining the active compounds with solid exdpients, 
optionally grinding the resulting mixture and processing the mixture of granules, after 
adding suitable auxiliaries, if desired or necessary, to obtain tablets or dragee cores. 

Suitable exdpients are, in particular, fillers such as saccharides, for exaaq)le 
lactose or sucrose, mannitol or sorbitol, cellulose preparations and/or caldum phosphates, 
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for example tricaldum phosphate or caldum hydrogen phosphate, as well as binders such 
as starch paste, using, for example, maize starch, wheat starch, rice starch, potato starch, 
gelatin, tragacanth, methjd cellulose, hydroxypropyhnethylcellulose, sodium 
caiboxymethylcellulose, and/or polyvinyl pyirolidone. If desired, disintegrating agents 
may be added such as the above-mentioned starches and also carboxymethyl-starch, caross- 
linked polyvinyl pyirolidone, agar, or algmic acid or a salt thraeof, such as sodium 
alginate. Auxiliaries are, above all, flow-regulating agents and lubricants, for example, 
silica, talc, stearic add or salts thereof, such as magnesium stearate or caldum steaiate, 
and/or polyethyleaie gjycol. Dragee cores are provided with suitable coatings which, if 
desired, are resistant to gastric juices. For this purpose, concentrated saccharide solutions 
may be used, which may optionally contain gum arable, talc, polyvinyl pyrrolidone, poly- 
ethylene glycol and/or titanium dioxide, lacquer solutions and suitable organic solvents or 
solvent mixtures. Jn order to produce coatings resistant to gastric juices, solutions of 
suitable cellulose preparations such as acetylceUulose phthalate or hydroxypropymethyl- 
ceUulose phthalate, are used. Dye stuffs or pigments may be added to the tablets or diagee 
coatings, for example, for identification or in order to characterize combmations of active 
compound doses. 

Other pharmaceuticai preparations which may be used orally include push-fit 
cqKules made of gelatin, as weU as soft, sealed cqwules made of gelatin and a plastidzer 
such as ^ycerol or sorbitol. The push-fit capsules may contain the active conqwunds in 
the form of granules which m^ be mixed with fiflers such as lactose, binders such as 
starches, and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. 
In soft c^ules, the active compounds arc preferably dissolved or suspended in suitable 
Uquids, such as fatty oils, or liquid paraffin. In addition, stabilizers may be added. 

Possible pharmaceutical preparations which may be used rectally include, for 
example, suppositories, which consist of a combination of one or more of the active 
compounds witii a suppository base. Suitable suppository bases are, for example, nahiral 
or synthetic triglycerides, or paraBBn hydrocarbons. In addition, it is also possible to use 
gelatin rectal c^sules which consist of a combination of flie active conq)ounds witii a 
base. Possible base materials include, for example, Hquid triglycerides, polyefliylene 
glycols, or paraffin hydrocarbons. 
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Suitable fonnulations for parenteral administration include aqueous solutions of 
the active compounds in water-soluble form, for example, water-soluble salts and alkaline 
solutions. In addition, suspensions of the active compounds as appropriate oily injection 
suspensions may be administered. Suitable lipophilic solvents or vehicles include fatty 
oils, for example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or 
triglycerides or polyethylene glycol-400 (the compounds are soluble in PEG-400) or 
cremophor, or cyclodextrins. Aqueous iajection suspensions may contain substances 
which increase the viscosity of the suspension include, for example, sodium 
carboxymeihyl cellulose, sorbitol, and/or dextran. Optionally, the suspension may also 
contain stabilizers. 

Id accordance with one aspect of the present invention, compounds of the invention 
are employed in topical and parenteral fonnulations and are used for die treatment of gVIn 
cancer. 

The topical compositions of this invention are formulated preferably as oils, 
creams, lotions, ointments, gels and the like by choice of ^propriate carriers. Suitable 
carriers include vegetable or mineral oils, white petrolatum (white soft parafBn), branched 
chain fats or oils, animal fats and high molecular weight alcohol (greater than C12). The 
preferred carriers are those in which the active ingredient is soluble. Emnlsifiers, 
stabilizers, humectants and antioxidants may also be included as well as agents in^arting 
color or fragrance, if desired Additionally, transdermal penetration enhancers may be 
employed in these topical formulations. Examples of such enhancers are found ia U.S. 
Patent Nos. 3,989,816 and 4,444,762. 

Creams are pref^ably formulated from a mixture of mineral oil, self-emulsifying 
beeswax and water in which mixture the active ingredient, dissolved in a small amount of 
an oil such as almond oil, is admixed. A typical example of such a cream is one which 
includes about 40 parts water, about 20 parts beeswax, about 40 parts mineral oil and 
about 1 part almond oil. 

Ointments may be formulated by mixing a solution of the active ingredient in a 
vegetable oil such as almond oil with warm soft parafBn and allowing the mixture to cool. 
A typical example of such an ointment is one which includes about 30% almond oil and 
about 70% white soft parafOn by weight 
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The following examples are illustrative, but not limiting, of the method and 
compositions of the present invention. Other suitable modifications and adaptations of the 
variety of conditions and parameters normally encountered in clinical ther^y and which 
are obvious to those skilled in the art are within the spirit and scope of the invention. 

Example 1 
6^Chlon''N''(2'nitro^Uiflmromethy^hm 

To a mixture of 6-chloronicotinoyl chloride (100 mg, 0.6 comol) and 2-nitro-4- 
trifluoromethylaniline (117 mg, 0.6 mmol) in THF (10 ml) was added triethylamine (0.16 
ml, 1.1 mmol). The mixture was stirred at room temperature overnight and then diluted 
with ethyl acetate. Water was added to dissolve the precipitate and the orgaaic phase was 
separated and washed with water, then dried over anhydrous sodium sulfate. The product 
was purified by column chromatography to give the title compound as a pale yellow solid. 

NMR (DMSO-d^): 1 1.27 (s, IH), 8.97 (d, J = 2.7, IH), 8.38-8.35 (m, 2H), 8.19 (d, J = 
8.4, IH), 7.96 (d, J = 8.7, IH), 7.78 (d, J = 8.1, IH). 

Example 2 
6^Gkloro^N'(4^hhro-2'nUrophenyl)'3''pyridinec^ 

The title compound was prepared from 6-chloronicotinoyl chloride and 4-chloro-2- 
nitroaniline and was obtained as a yellow solid as described in Example 1. ^H NMR 
(DMS0-d6): 11.31 (s, IH), 9,02 (d, J = 2.4, IH), 8.96 (d, J = 9.3, IH), 8.31 (d, J = 2.4, 
IH), 8.24-8.20 (m, IH), 7.73-7.69 (m, IH), 7.54 (d, J = 8.4, IH). 

Example 3 
6-(Moro''N''(4^fluorO'2''nUmphenyiy^^ 

The title compound was prepared from 6-chloronicotinoyl chloride and 4-fluoro-2- 
nitroaniline and was obtained as a yeUow solid as described in Example 1. *H NMR 
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(DMSO-d6): 10.97 (s, IH), 8.94 (d, J = 2.7, IH), 8.36-8.32 (m, IH), 8.02-7.98 (m, IH), 
7.78-7.75 (m, IH), 7.73-7.72 (m, IH), 7.70 (d, J = 1.5, IH). 

Example 4 

5 6'Chhro''N'(3'bromo^meAojq^'6'nitrophenyiy3'py^ 

The title coiopound was piepated fiom 6-chloiomcotinoyl chloride and 3-bromo-4- 
methoxy-6-iiitFoaniIine and was obtained as a yellow solid as described in Kcample 1. ^H 
NMR (DMSO-dfi): 10.84 (s, IH), 8.93 (d, J = 2.4, IH), 8.34^.30 (m, IH), 7.98 (s, IH), 
10 7.76 (d, J = 8.4, IH), 7.70 (s, IH), 3.97 (s, 3H). 

Example 5 

6'ChhrO''N'(2,4^vnethoxyphenyl)'3'pyridinecarboxami^ 

IS The title compound was prepared from 6-chloronicotinoyl chloride and 2,4- 

dimetfaoxy aniline as described in BKzraplt 1. The reaction mixture was filtered to remove 
the precipitate and the filtrate was evaporated. The resulting solid was purified by 
CH2Cl2/hexane recrystallization to give a light purple solid in a yield of 59%. *HNMR 
(DMS0-d6): 9.77 (s, IH), 8.93 (s, IH), 8.35-8.31 (m, IH), 7.68 (d, J = 7.8, IH), 7.46 (d, J 

20 = 9.0, IH), 6.67 (d, J = 2.4, IH), 6.57-6.53 (m, IH), 3.80 (s, 3H), 3.78 (s, 3H). 

Example 6 

2-Chhro-N-(4-metho3cy-2-mtrophmyl)'3-Kfri^ecarboxamide 

25 The tide conq)ound was [nepared fmm 2-chloroi)icotinoyl chloride and 4-melhoxy- 

2-iiitioaiiiliiie and was obtained as a ydlow solid as described in Example 1. ^H NMR 
(CDQa): 10.76 (s, IH), 8.78 (d, J = 9.3, IH), 8.58-8.55 (m, IH), 8.13-8.09 (m, IH), 7.73 
(d, J = 3.0, IH), 7.45-7.40 (m, IH), 7.34-7.28 (m, IHO, 3.90 (s. 3H). 
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Example 7 

6-Chhro-N-(4-m^Mxjh2-ititi'ophenyl)-3-pyridinecarboxamide 

The title conqwund was prepared firom 6-chloiomcotmoyl chloride and 4-methoxy- 
2-mtroaniline and was obtained as a yellow solid as described in Exan^le 1. NMR 
(CDQa): 11 . 13 (s, IH), 9.01 (d, J = 2.7. IH), 8.83 (d. J « 9.3, IH), 8.24-8.20 (m. IH). 7.76 
(d, J = 2.7. IH), 7.52 (d, J = 8.7. IH), 735-7.31 (m. IH), 3.90 (s, 3H). 

Examples 

6-CMorO'N-(4-e^oxy'2-nxtrophenyiy3-pyridimcea'boxami^ 

The title compound was prepared from 6-chloromcotinoyl chloride and 4-ethoxy-2- 
nitroaniline and was obtained as a yellow solid as described m Exanq)le 1. NMR 
(CDCI3): 11.13 (s, IH), 9.01 (d. J = 2.4, IH). 8.82 (d. J = 9.3, IH), 8.24-8.20 (m. IH), 7.74 
(d, J = 3.0, IH), 7.51 (d, J = 7.8, IH), 7.34-7.30 (m, IH), 4.11 (q, J = 6.9, 2H), 1.47 (t, J « 
6.9, 3H). 

^cample 9 

(S-C3ihro-N-^4-meAyI'2-mfy-ophenyl)'3-pyridinecarboxamide 

The title compound was prepared from 6-chIoromcotinoyl chloride and 4-methyl-2- 
nitroaniline and was obtained as a yellow solid as described in Exaiiq)le 1. ^H NMR 
(CDQs): 11.29 (s. IH). 9.02 (4 J = 2.7. IH), 8.81 (d, J = 8.7, IH), 8.24-8.21 (m, IH), 8.11 
(s, IH), 7.58-7.50 (m. 2H). 2.44 (s, 3H). 

Example 10 

^•(MorO'N-(2-nibrophenyl)-3-pyridmecarbox(amde 

The title compound was prepared from 6-chloronicotinoyl chloride and 2- 
nitroaniline and was obtained as a yellow solid as described in Example 1. ^H NMR 
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(CDaa): 10.99 (s, IH), 8,95-8.94 (m. IH), 8.36-8.33 (m, IH), 8.02-7.99 (m, IH), 7.80- 
7.69 (m, 3H). 7.48-7.42 (m, IH). 

Example 11 
6'Chloro'N'(4^methaj^phenyl)'3'pyridinecarba^ 

The title compound was prepared from 6-chloroiiicotinoyl chloride and p-anisidine 
and was obtained as a white solid as described in Example 1. NMR (CDCfe): 8.85 (d, J 
= 2.1, IH), 8.19-8.15 (m, IH), 7.65 (s, IH), 7.54-7.46 (m, 3H), 6.96-6.91 (m, 2H), 3.83 (s, 
3H). 

Example 12 
2,6-I)ichhrO'N'(4'methaxy'2'm^ophenyl)^pyridme 

The title compound was prepared from 2,6-dichloropyridine-4-carbonyl chloride 
and 4-methoxy-2-nitroaniline and was obtained as a yellow solid as described in Example 
1. ^H NMR (CDQa): 11.12 (s, IH), 8.78 (d, J = 9.3, IH), 7.77 (d. J = 3.0, IH), 7.75 (s, 
2H), 7.35-7.31 (m, IH), 3.91 (s, 3H). 

Example 13 

2'Chloro^Mftuoromethyl'N'(4-nu(hoxy'2'nitr^ 

The title compound was prepared from 2-chloro-4-(trifluoromethyl)pyrimidine-5- 
carbonyl chloride and 4-methoxy-2-nitroaniline and was obtained as a light yellow solid as 
described in Example 1. ^H NMR (CDCI3): 10.52 (s, IH), 9.04 (s, IH), 8.68 (d, J = 9.3, 
IH), 7.76 (d, J = 3.0, IH), 7.35-7.31 (m, IH), 3.91 (s, 3H). 
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Example 14 
N-^4'metho3^-2-m^ophmyl)-4-pyridinecar1foxamide 

The title compound was prepared firom isonicotinoyl chloride and 4-niethoxy-2- 
nitroaniline and was obtained as an orange yellow soUd as described in Exsaapls 1. 
NMR (CDQa): 10.79 (s. IH). 8.83-8.81 (m, 2H), 7.85-7.83 (m, 2H), 7.61-7J5 (m, 2H). 
7.40-7.36 (m. IH). 3.87 (s, 3H). 

Example 15 

2,6-Dkhhro-N-^4'methoxy-2-mti-ophenyl)'3-pyridinecia-boxami^ 

To a solution of 2,6-dicliloronicotinic acid (100 mg, 0.52 mmol) in CHaQa (10 
mL) was added cyanuric chloride (96 mg, 0.52 mmol). The mixture was stined for half an 
hour, then 4-methoxy-2-nitroaniline (88 mg, 0.52 mmol) and triethylamine (0.1 mL, 0.72 
mmol) were added. The resulting mixture was stirred at room tenqjerature overnight and 
then diluted with ethyl acetate, washed with water. The organic phase was separated, 
dried over anhydrous NaaSOA. concentrated and purified by chromatography to give the 
title compound (40 mg, 22%) as a yettow soUd. NMR (DMSO^): 10.84 (bs, IH), 8.09 
(d. J = 7.8, IH). 7.75 (d, J = 7.8, IH), 7.57-7.52 (m. 2H), 7.37-7.33 (m, IH), 3.86 (s, 3H). 

Example 16 
S,6-Du:ldoro-N-(4-meatoxy'2'nUn^henyl)-3^yridi^ 

The title compound was prepared from 5,6-dichloronicotinic add and 4-methoxy- 
2-nitroamline and was obtained as a yellow soUd as described in Example 15. *H NMR 
(DMSOh^,): 10.85 (bs, IH), 8.88 (d, J = 2.4, IH), 8 J9 (d, J = 2.4. IH), 7.58-7.54 (m. 2H), 
7.39-7.35 (m, IH), 3.87 (s, 3H). 
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Example 17 
6'Chhro'N'(2,4-'dinitrophenyl)'3''pyridinec^ 

The title con4}ound was prepared from 6-chloromcotinoyl chloride and 2»4- 
5 dinitroaniline and was obtained as a yellow solid as described in Example 1. NMR 

(CDQa): 11.69 (bs, IH), 9^8-9.23 (m, 2H), 9.06-9.05 (m, IH), 8.61-8.57 (m, IH), 8.28- 
8.24 (m, IH), 7.59-7.56 (m, IH). 

Example 18 

10 4^Chhro-N'(4'effwj^'2''nitrophenyl)'benzoylamide 

The title compound was prepared from 4-chlorobenzoyl chloride and 4-ethoxy-2- 
nitroaniline and was obtained as a yellow solid as described in Example L ^H NMR 
(CDCI3): 11.10 (bs, IH), 8.86 (d, J = 9.3, IH), 7.93 (d, J = 8.4, 2H), 7.73 (d, J = 3.0, IH), 
15 7.51 (d, J = 8.4, 2H), 7.32-7.27 (m, IH), 4.11 (q, J = 6.9, 2H), 1.46 (t, J = 6.9, 3H). 

Example 19 
&Chloro^N''(4yS'MfluorO''2'nUivph^ 

20 The title compoimd was prepared from 6-chloronicotinoyl chloride and 4,5- 

difluoro-2-nitroaniline and was obtained as a yellow solid as described in Example 1. ^H 
NMR (CDQa): 11.49 (bs, IH), 9.04-8.97 (m, 2H), 8.25-8.19 (m, 2H), 7.56-7.53 (m, IH). 

Example 20 

25 6-ChhrO'N''(4^methoxy^2'methy^henyl)'3^pyridinecar^ 

The title compound was prepared from 6-chloronicotinoyl chloride and 4-methoxy- 
2-methylaniline and was obtained as a white solid as described m Example 1. ^H NMR 
(CDCI3): 8.88 (bs, IH), 8.19 (d, J = 7.2, IH), 7.61-7.47 (m, 3H), 6.81-6.79 (m, 2H), 3.81 
30 (s,3H),2.30(s,3H). 
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Example 21 

6-Chhro-N'(4-<yano-2-nUraphmyl)-3-pyridinecarboimnide 

The title compound was prepared ftom 6-chl(»Dnicotinoyl chloride aod 4-aiaino-3- 
nitrobenzonitrile and was obtained as a light ydlow solid as described in Example 1. 
NMR (CDQs): 11,58 (s. IH), 9.18 (d. J = 8.7. IH). 9.04 (d. J = 2.4. IH), 8.65 (d. J = 2.1. 
IH). 8.26-8.22 (ni, IH), 8.00-7.96 (m, IH). 7.56 (d. J = 9.0. IH). 

Eximple22 

6-Fluoro-N-(4-etkoxy-2-mtTophmyiy3-pyTidinecarboxamide 

To the solution of KMn04 (284 mg, 1.8 mmol) in H2O (50 mL) was added 2- 
£luoro-5-methylpyridine (100 mg, 0.9 mmol) at room temperatuie. The reaction mixture 
was then heated to 100°C for 4 h. The resulting precipitate was filtered and discarded, 
nie aqueous solution was washed with 3:2, hexane: ethyl acetate (2 x 20 mL). acidified 
with 2N HQ, then extracted with ethyl acetate (3 x 20 mL). The organic extracts were 
conabined and washed with H2O and brine, dried over anhydrous N^SO*. The solvent 
was evaporated in vacuo to give 6-fluoronicotinic acid (30 mg) as a white soUd. The title 
conqwund was prepared fix)m 6-fluoronicotinic acid and 4-ethoxy-2-nitroaniline as a 
yeUow soHd as described in Example 15. 'h NMR (CDCI3): 11.09 (bs, IH), 8.88 (d, J = 
2.4, IH), 8.81 (d, J = 9.3, IH), 8.42-8.35 (m, IH), 7.74 (d, J = 3.3, IH), 7.33-7J29 (m, IH), 
7.13-7.10(m, 1H),4.11 (q, J = 7.2, 2H), 1.47(t, J = 7.2,3H). 

Example 23 
<y-(Moro.N-(2-mtro-^tr^luoromeawxyp^ 

The tille conq)ound was prepared from 6-chloronicotin(^l chloride and 2-nitro-4- 
(trifluoromethoxy)aniline and was obtained as a yellow soUd as described in Example 1. 
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*H NMR (CDCI3): 11.33 (bs, IH), 9.06 (d, J = 9.3, IH), 9.02 (d, J = 2.7, IH), 8.25-8.21 
(m, IH), 8.19 (d, J = 2.7, IH), 7,65-7.61 (m, IH), 7.54 (d, J = 8.4, IH). 

Example 24 

5 6'C3ihr0'N'(4'benzoyl'2''nitrophenyl)'3'pyridi^^ 

The title compound was prepared fipom 6-chloiomcotmoyl chloride and 4-axnmo-3- 
nitrobenzophenone and was obtained as a yellow solid as described in Example 1. ^H 
NMR (CDCI3): 1 1.61 (bs. IH), 9.12 (d, J = 8.7, IH), 9.06 (d, J = 2.4, IH), 8.79 (d, J = 1.8, 
10 IH), 8.28-8.25 (m, IH), 8.23-8.19 (m, IH), 7.82-7.81 (m, IH), 7.80-7.79 (m, IH), 7.67- 

7.64 (m, IH), 7.58-7.53 (m, 3H). 

Example 25 
6'(Moro'N^{44fenzyU>xy'2^nUrophenyiy3'pyr^ 

15 

The title compound was prepared from 6-chloronicotinoyl chloride and 4- 
benzyloxy-2-nitroanilme and was obtained as a yeUow solid as described in Exaniple 1. ^H 
NMR (CDCI3): 11.13 (bs, IH), 9.00 (d, J = 3.0, IH), 8.83 (d, J = 9.3, IH), 8.23-8.20 (m, 
IH), 7.85 (d, J = 3.0, IH), 7.53-7.46 (m, IH), 7.44-7.37 (m, 6H), 5.15 (s, 2H). 

20 

Example 26 
6^MeAyl'N'(4'eihoxy'2'nitr0phenyl)''3'pyridinecar^ 

The title compound was prepared from 6-methylnicotinic acid and 4-ethoxy-2- 
25 nitroanilme and was obtained as a yellow solid as described in Example 15. ^H NMR 

(CDCI3): 11.09 (s, IH), 9.12 (d, J = 2.1, IH), 8.85 (d, J = 9.3, IH), 8.16-8.13 (m, IH), 7.73 
(d, J = 3.0, IH), 7.34-7.29 (m, 2H), 4.1 1 (q, J = 6.9, 2H), 2.67 (s, 3H), 1.46 (t, J = 6.9, 3H). 
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Example 27 

6'C!hloro''N'(4^'dime(hyl '2'nitrophenyl)-3''pyridinecarboxanude 

The title compound was prepared ficom 6-chloromcotmoyl chloride and 4,5- 
dimethyl-2-nitroamline and was obtained as an orange solid as described in Example 1. 
NMR (CDQs): 11.38 (s, IH), 9.03 (d, J = 2.1, IH), 8.72 (s, IH), 8.24-8.21 (m, IH), 8.07 
(s, IH), 7.52 (d, J = 8.7, IH), 2.41 (s, 3H), 2.34 (s, 3H), 

Example 28 
6'ChlorO''N'(4'me1hoxy'2^nitrophenyiyi'N'^xi^^ 

To a stirred solution of 30% H2O2 (2 mL) was added trifluoroacetic anhydride (1 
mL) dropwise at O^C. The resulting solution was stirred at 0°C for 30 min, then 6-chloro- 
N-(4-methoxy-2-nitrophenyl)-3-pyridinecarboxamide (30 mg, 0.0975 mmol) was added, 
The mixture was stirred at 90°C for 30 min. The resultmg yellow solution was cooled in 
an ice bath for 1 h. The precipitate was filtered, washed with H2O and MeOH, and dried 
to give 15 mg (0.0463 mmol, 47%) of the title compound as a yeUow powder. ^H NMR 
(CDCI3): 11.11 (s, IH), 8.95-8.76 (m, IH), 8.78 (d, J = 9.3. IH), 7.76 (d, J = 3.0, IH), 
7.66-7.65 (m, 2H), 7.35-7.31 (m, IH), 3.91 (s, 3H). 

Example 29 
N-(4'Me1hoxy'2'nUrophenyiy3-pyridmecar^ 

The title compound was prepared from nicotinoyl chloride and 4-methoxy-2- 
nitroaniline and was obtained as an orange solid as described in Example 1. ^H NMR 
(DMSO-dfi): 10.74 (s, IH), 9.10 (d, J = 2.4, IH), 8.80-8.78 (m, IH), 7.62-7.54 (m, 3H), 
7.39-7.35 (m, IH), 3.87 (s, 3H). 
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Example 30 

&Chloro'N'(4'ethoxy''2''mtrophenyiyN'7ne1hyU3''p 

To a solution of 6<Uoro-N-(4-ethoxy-2-mtrophenyl)-3"pyridmecarboxamide (50 
5 mg, 0.155 nimol) in DMF (2 ml) was added sodium methoxide (12 mg, 0.222 mmol) in 

DMF (1 ml) and the reaction mixture was stined for 10 min. To the mixture was added 
iodomethane (22 mg, 0.155 mmol) slowly and the mixture was stirred for at room 
temperature f or 3 h. It was diluted with ethyl acetate and washed with water and brine, 
dried over anhydrous sodium sulfate, and evaporated. The residue was purified by column 
10 chromatography to yield the titled compound as a light brown liquid. NMR (CJXIfe): 

8.17 (d, J = 2.1, IH), 7.68-7.65 (m, IH), 7.35 (d, J = 2.7, IH), 7.21 (t, J = 7.8, 2H), 7.10- 
7.06 (m, IH), 4.08-4.01 (m, 2H), 3.40 (s, 3H), 1.44 (t, J = 5.9, 3H). 

Example 31 

15 2,S'DimethyUN^(4^eihoxy'2^nih'ophenyl^^ 

The title compound was prepared from 2,5-dimethyl-3-furoic acid and 4-ethoxy-2- 
nitroaniline as an orange solid as described in Example 15. NMR (CDCI3): 10.59 (s, 
IH), 8.83 (d, J = 9.0, IH), 7.70 (d, J = 3.0, IH). 7.27-7.25 (m, IH), 6.24 (s, IH), 4.08 (q, J 
20 = 6.9, 2H), 2.62 (s, 3H), 2.30 (s, 3H), 1.45 (t, J = 6.9, 3H). 

Example 32 * 
6'ChlorO'N''(S'bromO'3'nitrO'2'pyridyl)'3'pyridinec^ 

25 The title compound was prepared from 6-chloronicotinoyl chloride and 2-amino-5- 

bromo-3-nitropyridine as a light yellow solid as described in Example 1. ^H NMR 
(GDQs): 10.56 (s, IH), 9.00 (d, J = 2.7, IH), 8.82 (d, J = 2.1, IH), 8.69 (d, J = 2.1, IH), 
8.27-8.23 (m, IH), 7.53 (d, J = 8.1, IH). 
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Example 33 
N-(4-Ethoxy-2-nitnphenyl)-2-pyrazmecarboxamide 

The title conqwund was prepared from 2-pyrazuiecaiboxylic acid and 4-ethoxy-2- 
nitroaniline as a yellow solid as described in Exanpb 15. NMR (CDQa): 12.34 (s, 
IH). 9.50 (d, J = 1.2. IH), 8.91 (d. J = 9.0. IH). 8.84 (d. J = 2.4. IH). 8.72-8.70 (m, IH). 
7.75 (d, J = 3.0. IH). 733-7.28 (m. IH), 4.12 (q. J « 6.9, 2H). 1.47 (t. J « 6.9, 3H). 

Example 34 

5- MeAyl-N-^4-ethoxy-2-nitrophenyl)-2-pyrazineaa1>oxamide 

The title compound was prepared from 2-methylpyrazine-5-carboxylic acid and 4- 
ethoxy-2-nitroaniIine as a yellow solid as described in Example 15. NMR (CDO.3): 
12.82 (s, IH), 9.36 (s, IH), 8.90 (4 J = 9.6, IH), 8.56 (d, J = 1.0. IH), 7.74 (d, J = 2.7. 
IH), 7.32-7.29 (m, 1H),4.11 (q, J = 6.9,2H),2.71 (s.3H). 1.46(t. J = 6.9,3H). 

Example 35 

6- Chhro-N-^4-ehhrv-2-c]mophenyl)-3-pyri£necarbmcami^ 

The tide conqraund was prepared from 6-chloronicotinoyl chloride and 2-amino-5- 
chlorobenzonitrile as a white solid as described in Example 1. ^H NMR (ODCla): 8.96 (d, 
J = 2.7, IH), 8.53-8.50 (M, IH), 8.24 (s, IH). 8.19-8.15 (m, IH), 7.67-7.63 (m. 2H), 7.54- 
7.51 (m, IH). 

Example 36 

6-Chhro-N'(4-chhrO'2-imid(^henyl)'3-pyridineearh0xamide 

The title compound was prepared from 6-chloronicotinoyl chloride and 2-aimno-5- 
chlorobenzamide as a white solid as described in Example l..*H NMR (DMSO-d^): 8.91 
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(d, J = 2.7, IH), 8.62 (d, J = 9.3, IH), 8.55 (s, IH). 8.30-8.27 (m. IH), 8.04 (s, IH), 8.01 
(d, J = 2.7, IH). 7.78 (d, J = 8.4, IH), 7.69-7.66 (m, IH). 

Example 37 

5 6'Tr^luoTom^yUN-i4-ethoxy-2-mtnphmyl)-3-^^ 

The title canqraund was piepaied from 6-trifluQiometbyIiucotiiiic add and 4- 
ethoxy-2-iiitroamline as a yellow solid as descnbed in Example 15. 'H NMR (GDQs): 
11.23 (s. IH), 9.32 (d, J = 3.6, IH), 8.83 (d, J = 93, IH), 8.47-8.43 (m, IH), 7.88 (d, J = 
10 8.1, IH), 7.76 (d, J = 3.0, IH), 7.35-7.31 (m, IH), 4.12 (q, J = 6.9, 2H), 1.47 (t, J = 6.9, 

3H). 

Example 38 

6-Chloro-N-(4-^hloro-2-meAoxycari)Ony1phenyl)-3'pyri^^ 

15 

The title compound was prepared finm 6-chloronicotinoyl chloride and mi^yl 2- 
amino-5-chloiiobenzoate as a white solid as described in Example 1. 'H NMR (CDQa): 
12.13 (s, IH). 9.06 (d, J = 3.0, IH), 8.86 (d, J = 9.3, IH). 8.29-8.25 (m. IH), 8.08 (d, J = 
2.4, IH). 7.60-7.57 (m, IH), 7.50 (d, J = 8.4, IH), 3.99 (s, 3H). 

20 

Example 39 

5-Bromo-N-(4-etiioxy'2-nUrophenyl)-3-pyridinecarboxemude 

The title compomid was piq>ared bom 5-brQmonicotinic acid and 4-etfaoxy-2- 
25 nitroaniline as a yellow solid as described in Exanq>le 15. ^H NMR (CDQ3): 11.11 (s, 

IH), 9.11 (d, J = 2.1, IH). 8.88 (d, J = 1.8, IH), 8.80 (d, J = 9.3, IH), 8.42 (t, J = 2.1, IH), 
7.75 (d, J = 2.7, IH). 7.34-7.30 (m. IH). 4.12 (q, J = 6.9, 2H). 1.47 (t, J = 6.9, 3H). 
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Example 40 

N-(4-EauMQf-2-nitrophenyl)'2-pyridmecarioxa^ N-oxide 

The title compound was prepared from picolinic acid N-oxide and 4-ethoxy-2- 
nitroaniline as a yellow solid as described in Example 15. NMR (DMSO-dtf): 8.57-8.54 
(m, IH), 8.40 (d. J = 9.0, IK), 8.37-8.33 (m, IH), 7.76-7.75 (m. 2H), 7.61 (d. J = 3.0, IE), 
7.43-7.39 (m, IH), 4.14 (q, J = 6.9, 2H), 1.36 (t, J = 6.9, 3H). 

Example 41 

4-Ammo-3-mtnphenyl 6-Chloro-3-pyridinecalMayIate (A) and 6-<Moro-N-(4- 
kydroxy-2-nitrophmy^3'pyridineearbifxamide (B) 

A mixture of 4-ainino-3-mtrophenol (200 mg, 1.30 nunol), 6-diloronicotinoyl 
chloride (229 mg, 1.30 mmol) and N,N-diisopropylethylamine (200 ul) in THF (5 ml) was 
stirred overnight at room temperature. The resulting solid was collected by filtration, wash 
with hexanerethyl acetate (1:1) and dried under vacuo to give coinpound A as an orange 
solid (14 mg). NMR (DMSO-de): 9.08 (dd. J = 8.0, 2.6 Hz, IH), 8.47 (dd. J = 2.6, 8.3 
Hz, IH), 7.97 (d, J = 2.7 Hz, IH), 7.78 (dd, J = 0.8, 8.3 Hz, IH), 7.55 (s, 2H). 7.45 (dd, J = 
2.7, 9 Hz, IK), 7.10 (d, J = 9.0 Hz, IH). The filtrate was diluted with ethyl acetate (50 
ml), washed with water (25 ml), aqueous saturated NaCl (25 ml) and dried over anhydrous 
sodium sulfate. The solution was concentrated in vacuo and the product was purified by 
column chromatogarphy using hexane:ethyl acetate (3:1) to give the product B as a dark 
yellow soUd (9 mg). ^H NMR (DMSO-de): 9.13 (d, J = 2.4 Hz, IH), 8.96 (d, J = 2.4 Hz, 
IH), 8J2 (dd, J = 1.8, 8.7 Hz, IH). 8.36 (dd, J = 2.4, 8.4 Hz, IH), 8.07 (s. IH), 7.85-7.80 
(m, 2H), 7.73 (d, J = 8.4 Hz, IH). 
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Example42 
N'(4-E^o3^2'ni6vphenyl)'3-pyrroleearboxamide 

The title compound was prepared from pynole-3-caiboxylic acid and 4-ethoxy-2- 
5 nitroaniline as a yellow solid as described in Example 15. NMR (CDas): 10.82 (s, 

IH), 8.88 (d, J = 9.3, IH), 8.65 (s, IH), 7.70 (d, J = 3.0, IH), 7.54-7.52 (m, IH), 7.28-7.24 
(m, IH), 6.87-6.85 (m, IH), 6.71-6.69 (m, IH), 4.08 (q, J = 6.9. 2H), 1.45 (t, J = 6.9, 3H). 

Example 43 

10 6<M}ro-N-(2-ni^o-S-imidazofyl)-3-pyri^necarboxamide 

The title compound was prepared from 6-chloronicotinonyl chloride and 5-amino- 
4-nitn)imidazole as a brown solid as described in Example 1. NMR (DMSO-d^): 8.97- 
8.96 (m, IH), 8.39-8.36 (m, IH), 7.79-7.76 (m, IH), 7.68 (s, IH), 7.37 (s, IH). 

15 

Example 44 
6-CM>ro-N-^4-4'lmtyl'2-nitrophenyl)-3'pyridinec^ 

The tide compound was prepared from 6-cblon)nicotinic chloride and 4-(t-butyl)- 
20 2-mtroaniline as a yellow solid as described in Exan^le 1. *H NMR (CDQa): 11.30 (s, 

IH), 9.03 (d, J = 2.1, IH), 8.83 (d, J = 9.0, IH), 8.29 (d, J = 2.7, IH), 8.25-8.21 (m, IH), 
7.80-7.76 (m, IH), 7.52 (d, J = 8.4, IH), 1,38 (s, 9H). 

Example 45 

25 N-(4-Eaio:ey-2-nUrophenyl)-5-^rimidinecarlH>mmide 

The title compound was pr^ared frcon pyrimidine-5-carbQx^c add and 4-ethoxy- 
2-nitroamline as a yellow solid as described in Example 15. NMR (CDQs): 11.16 (s, 
IH). 9.43 (s, IH), 9.32 (s, 2H), 8.81 (d, J = 9.3, IH), 7.76 (d, J = 3.0, IH), 7.34-7.27 (m, 
30 IH), 4.12 (q, J = 6.9, 2H), 1.47 (t, J = 6.9, 3H). 
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Example 46 
N-^4-Eihoxy-2-nUrophenyl)-2-pyTidinecari}oxamide 



The title compound was prepared from picolinic add and 4-ethoxy-2-nitroaniline 
as a yeUow soUd as described in Example 15. NMR (CDas): 12^ (s, IH), 8.92 (d, J s 
9.3, IH). 8.73 (d. J = 3.9, IH), 8.28 (d. J = 6.9. IH). 7.95-7.90 (m. IH). 7.74 (d, J = 3.0. 
IH). 7.54-7.50 (m, IH). 7.31-7.27 (m, 1H),4.11 (q, J = 6.9. 2H), 1.46(t.J=6.9,3H). 



Example 47 

6-CMoro-N-(2<yano-4,S-dimemoxyphenyl)-3-pyminecar 

The title compound was prepared from 6-chloromcotinoyl chloride and 2-amino- 
4,5-dimethoxybenzonitrile as a white soUd as described in Example 1. *H NMR (CDCI3): 
8.97 (d. J = 2.7, IH), 8.18-8.15 (m. 3H). 7.52 (d, J = 8.4. IH), 7.02 (s. IH). 4.01 (s, 3H). 
3.92 (s,3H). 

6-(Moro-N-(2-meauncycarbonyU,S-dimea^^ 

The title compound was prepared from 6-cMoromcotinoyl chloride and 2-amino- 
4,5-dimethoxyben2omc acid methyl ester as a Ught yellow soUd as described in Exanq)le 
1. 'H NMR (CDQa): 12.34 (s. IH). 9.09 (d, J = 2.4. IH). 8.62 (s, IH). 8.29-8.26 (m^ IH). 
7.52 (s, IH). 7.50 (d, J = 8.4. IH). 4.03 (s. 3H). 3.96 (s, 3H). 3.93 (s. 3H). 

Example 49 

6-Chhro-N-(2-meaiykarbonyM^methyUnedwxyphenyiy3'p^^ 

The title compound was prepared from 6-chloronicotinoyl chloride and 2-amino- 
4,5-methylenedioxyacetophenone as a light grey-yellow solid as described in Example 1. 
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NMR (COaa): 9.09-9.08 (m. IH). 8^5 (s, IH). 8.30-8.27 (m, IH), 7.50-7.47 (m. IH), 
7.35 (s, IH), 6.10 (s. 2H), 2.64<s, 3H). 

Example 50 

5 6-(2^,2-IHJhuroetho3^)-N-(4-^fftoxy-2-nitrophenyl)-3-K^ridi^ 

The title compound was prepared firom 6-(2;2,2-tii£luoroetiboxy)pyridme-3- 
carboxylic acid and 4-ethoxy-2-nitroamline as a yellow solid as described in Example 15. 
'H NMR (CDQs): 11.05 (s, IH), 8.84-8.80 (m, 2H), 8.25-8.21 (m, IH), 7.73 (d, J = 3.0, 
10 IH), 7.32-7.28 (m. IH), 7.01 (d, J = 8.7, IH), 4.86 (q, J = 8.4, 2H). 4.1 l(q, J = 6.9, 2H), 

1.46(t,J = 6.9,3H). 

Example 51 

6-^Moro-N'(2,3-dinitro-4-methoxyphenyiy3-pyndmec<aio^ 

15 

The title compound was prepared from 6-chloronicotinoyl chloride and 2,3-dinitro- 
4-methoxyaniline as a wiiite solid as described in Example 1. 'H NMR (CDQa); 9.99 (s, 
IH), 8.96 (d, J = 2.4, IH), 8.77 (d, J = 9.3. IH), 8.18-8.14 (m, IH), 7.53 (d, J = 9.0, IH), 
7.45 (d, J = 9.3, IH), 4.02 (s, 3H). 

20 

Example 52 
6-CMoro-N-(2-nibro^,MmeAylphenyl)-3-^^ 

Hie title compound was prepared from 6-chloronicotinoyl chloride and 2-nitro-4,6- 
25 dimethylaniline as a light yellow solid as described in Example 1 . 'H NMR (CDQa): 9.09 

(s, IH), 8.97 (d, J = 2.4, IH), 8.22-8.18 (m, IH), 7.60 (d, J = 1.2, IH). 7.50 (d, J = 8.1, 
IH), 7.42 (s, IH), 2.43 (s, 3H), 2.35 (s, 3H). 
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Example 53 

4<MfnmeAyUN'-(4^aioxy-2^itrophenyl)-benzoylam^ 

The title compound was prepared fix)m 4-chloroiDethyIbenzoyl chloride and 4- 
ethoxy-2-nitK)aniline as a yellow solid as described in Example 1. *H NMR (CDQa): 
11.11 (s, IH), 8.87 (d, J = 9.3, IH), 7.98 (d, J = 8.4, 2H), 7.73 (d. J = 3.0, IH), 7.56 (d, J = 
8.4, 2H), 7.32-7.28 (m, IH), 4.65 (s, 2H). 4.11 (q, J = 6.9, 2H), 1.46 (t, J « 6.9, 3H). 

Example 54 
6-C!hhro-N-(4^-dmeihoxy-2'iiUrophen^ 

The title compound was prepared from 6-chloronicotinoyl chloride and 4,5- 
dimethoxy-2-nitroaniline as a yellow solid as described in Example 1. NMR (CDQa): 
1 1.84 (s, IH), 9.04 (d, J = 1.8, IH), 8.66 (s, IH), 8.25-8.21 (m. IH), 7.77 (s, IH), 7.53 (d, J 
= 8.7, IH), 4,07 (s, 3H), 3.97 (s, 3H). 

Example 55 
6-Chhro-N'(2-me^xy-5-pyri^iy3-pyridmecart>mu^ 

The title conqiound was prepared fix)m 6-chloronicotinoyl chloride and 5-amino-2- 
methoxypyridine as a pink solid as described in Example 1. NMR (CDCI3): 8.87 (d, J = 
2.1, IH). 8.28 (d, J = 3.0, IH), 8.20-8.17 (m, IH), 7.99-7.96 (m, IH), 7.67 (s, IH), 7.49 (d, 
J = 8.7, IH), 6.81 (d, J = 8.7, IH), 3.95 (s, 3H). 

Example 56 
S-CMmhN-(2-ehhrO'5-pyridyl)'3'pyridineciuioxamide 



The title compound was prepared fi?om 6-chlotonicotinoyl chloride and 5-amino-2- 
chloropyridine as a white solid as described in Example 1. 'H NMR (CDCh): 8.89-8.84 
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(m, IH), 8^2 (d, J = 2.1. IH). 8.27-8.23 (m. IH), 8.21-8.17 (m, IK), 7.83 (s, IH). 7.53- 
7.50 (m, IH), 7.39 (d. J a 8.7, IH). 

Example 57 
6-Chloro-N-(4,6^hhTO'S'pyrimidyl)-3-^yrid^ 

The title compound was {Hspared from 6-cliloromcotmoyl diloiide and 5-ainino- 
4,6-dicMoiopytimidine as a white solid as described in Example 1. *H NMR (CDQa): 8.95 
(d, J = 2.4, IH), 8.78 (s, IH), 8.25-8.22 (m, IH), 7.57 (s, IH), 7.54 (d, J = 8.4, IH). 

Example 58 

6-Cyano-N-(4-eautxy-2-m^phenyiy3-pyridinecarboxamide 

The title compound was prepared from 6-cyanonicotinic acid and 4-ethoxy-2- 
nitroaniline as a yellow solid as described in Example 15, 'H NMR (03X^3): 11.22 (s, 
IH), 9.31-9.30 (m, IH), 8.81 (d, J = 9.3, IH), 8.42-8.38 (m, IH), 7.90-7.87 (m, IH), 7.76 
(d, J = 3.0, IH), 7.34-7.30 (m, IH), 4.12 (q, J = 6.9, 2H), 1.47 (t, J = 6.9, 3H). 

Example 59 

2-Me&iyUN-(4'ethoxy-2-nUrophenyl)-3-furancari>oxamide 

The title compound was prepared from 2-methyl-3-furoic acid and 4-ethoxy-2- 
nitroaniline as an orange yellow solid as described in Example 15. 'H NMR (CDQa): 
10.66 (s, IH), 8.82 (d, J = 9.3. IH), 7.70 (d, J = 3.0, IH), 7.34 (d. J = 1.8, IH), 7.28-7.24 
(m, IH), 6.68 (d, J = 1.8, IH), 4.09 (q, J = 6.9, 2H), 2.67 (s, 3H), 1.45 (t, J = 6.9, 3H). 
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^cample 60 

6-CMoro-N'^4^hhn-2-tryfuorom^y1phmyl)-3-py^^ 

The tide compound was prepared firom 6-chloromcolinoyl chloride and 4-chloro-2- 
trifluoromethylaniline as a white solid as desoiiied in Example 1. NMR (CDQa): 8.87 
(d, J = 2.7, IH), 8.32 (d, J = 8.7, IH). 8.16-8.12 (m. IH), 8.06 (bs, IH), 7.82 (d, J = 2.4, 
IH), 7.53-7.50 (m, IH), 7.12 (d, J = 8.7. IH). 

Example 61 
4-Chhro-2-mtiro-N-(6-chloro-3-pyridyl)-benzoylamide 

The title compound was prepared from 4-chloro-2-nitrobenzoic acid and 5-amino- 
2-chloropyridine as a white solid as described in Example 15. 

Example 62 
6-Oihro-N-(2-pyrmnyl)-3-pyridinecarboxami^ 

To a mixture of 6-chloionicotmoyl chloride (160 mg, 0.91 mmol), aminopyiazine 
(87 mg, 0.91 mmol) and THF (10 ml) was added triethylamine (0.25 ml, 1.82 mmol) and 
the mixture was stirred overnight at room temperature. The mixture was diluted with ethyl 
acetate (100 ml), wash with water (50 ml), saturated aqueous NaQ (50 ml), dried over 
anhydrous sodium sulfate and evaporated. The crude product was purified by column 
chromatography using hexane:ethyl acetate (3:2) to give 8 mg (4% yield) of the title 
compound as yeUow solid. ^H NMR (CDCI3): 9.68 (d, J = 1.2 Hz, IH). 8.95 (d, J = 2.7 
Hz. IH), 8.45 (d. J = 2.7 Hz. IH). 8.4 (bs. IH). 833- 8.32 (m, IH), 8.23 (dd, J = 2.4. 8.1 
Hz. IH), 7.53 (dd. J = 0.6, 8.4 Hz. IH). 
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Example 63 
4'Chhro^2''nUrO'N'(i!'meAoxy'3''pyri4yl)^^ 

A mixtuie of cyanuric chloride (183 ing» 0.99 mmol) and 4-chloto-2-iutrobeiizoic 
add (200 mg, 0.99 nunol) in THF (S ml) was stined at room temperature for 30 minutes. 
To the mixture was added a solution of 5-ainino-2-methoxy-pyridine (123 mg, 0.99 mmol) 
in THF (5 ml), followed by triethylamine (0.28 ml, 1.98 mmol). The mixture was stirred 
overnight at room temperature. It was diluted with 100 ml of hexanerethyl acetate (1:1), 
wash with 2N NaOH (50 ml), water (50 ml), followed by saturated aqueous NaQ (50 ml), 
dried over anhydrous sodium sulfate and evaporated. The crude product was purified by 
column chromatography using hexanerethyl acetate (3:1) to give 16 mg (5% yield ) of the 
tifle compound as a pink solid. NMR (Acetone-de): 9.94 (s, IH), 8.16 (d, J = 1.8 Hz, 
IH), 8.07-7.86 (m, 4H), 6.81 (d, 7 = 9.3 Hz, IH), 3.89 (s, 3H). 

Example 64 
6'CMorO''N'(2'Cy(mO'-6^chloromeihyl^ox^ 

The title compound was prepared from 3-amino-6*(chloromethyl)-2-pyrazine 
carbonitrile 4-oxide (203 mg, 1.1 mmol) and 6-chloronicotiQoyl chloride (200 mg, 1.1 
mmol) and was obtained as an yellow solid as described in Example 62. ^H NMR 
(Acetone-d6): 9.00 (s, IH), 8.66 (s, IH), 8.42 (dd, J = 8.1, 2.1 Hz, IH), 7.65 (d, J = 8.1 Hz, 
IH), 7.52 (s, IH), 5.38 (s, 2H). 

Example 65 

6'Chhro^N'(2^ano^meAyfyhenyl)'3'pyridinecari0xamide 

A mixture of 2-amino-5-methyl-benzonitrile (80 mg, 0.61 mmol) and 6- 
chloronicotinoyl chloride (162 mg, 0.92 mmol) in anhydrous pyridine (5 ml) was refluxed 
for 4 hours. The mixture was diluted with 50 ml of hexanerethyl acetate (Ir 1), wash with 
2N HCl (25 ml), water (25 ml), followed by saturated aqueous NaCl (25 ml), dried over 
anhydrous sodium sulfate, and evaporated. The cmde product was purified by column 
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chromatography using hexane:ethyl acetate (2:1) to give 30 mg (18% yield) of the tiUe 
compound as pale pink soUd. NMR (JDMSO-de): 10.82 (s, IH), 8.99 (d, 7 « 2.4 Hz, 
IH), 8.38 (dd, 7= 2.4, 8.1 Hz, IH), 7.78-7.73 (m, 2H). 7.61-7.48 (m. 2H). 2.38 (s, 3H). 

Example 66 
6-CMoro-N-(4-chhro^methyl-2'nitrophenyl)'3-pyrid^ 

The tide compound was prepared firom 4-dilQro-2-med]yl-6-nitroaniline (204 mg, 
1.09 mmol) and 6-chIoronicotinoyI chloride (192 mg, 1.09 mmol) and obtained as a light 
yellow solid as described in EKsanple 62. ^H NMR (CDQa): 9.13 (s, IH), 8.96 (dd, 7 = 
0.6, 2.4 Hz, IH), 8.20 (dd, 7 = 2.7, 8.4 Hz, IH), 7.93 (d. 7= 2.4 Hz. IH), 7.59 (d, 7 = 2.4 
Hz, IH). 7.51 (dd, 7= 0.6, 8.1 Hz, IH), 2.38 (s, 3H). 

Example 67 

4-TrifluoromeaiyhN-(4'e^xy-2-mti'ophenyl)-3'pyridinecarb 

A mixture of 4-(trifluoramethyl)pyridine-3-carboxylic acid (100 mg, 0.52 mmol), 
4-ethoxy-2-nitn>aniIine (94.7 nag, 0.52 mmol), and l-(3-dimethylamino-propyl)-3- 
ethylcarbodiimide hydrochloride (199.3 mg, 1.04 mmol) in THF (5 ml) was refluxed 
ovemi^t Hie mixture was cooled to room tenq)eratuie, diluted with 100 ml of 
hexane:efliyl acetate (1:1), wash with 2N NaOH (50 ml), water (50 ml), saturated aqueous 
Naa (50 ml), dried ovea: anhydrous sodium sulfate and ev^xwated. The crude product was 
purified by column chromatography using hexane:ethyl acetate (2:1) to give 17.3 mg 
(9.4% yield) of the title compound as yellow solid. NMR (CDQa): 10.48 (s, IH), 9.01- 
8.96 (m, 2H), 8.74 (d, J = 9.3 Hz, IH), 7.74-7.69 (m. 2H), 732 (dd, J = 3.0, 9.3 Hz, IH), 
4.13 (q, J = 6.9 Hz, 2H), 1.48 (t, J = 6.9 Hz, 3H). 
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Example 68 
4-BromomeihyU^nUrO'N'(6<hlorO'3'pyridyl^^ 

A mixture of 4-bromoinethyl-3-nitrobenzoic acid (169 mg. 0.65 mmol), 
2-chloropyridine (83 mg, 0.65 mmol) and l-e%l-3-(3-<iime%laininopropyl)carbodiimide 

0 

hydrochloride (210 mg) in THF (10 ml) was refluxed for 24 h. The mixture was cooled to 
room temperature and diluted with hexane:ethyl acetate (1:1, 100 ml), washed with water 
(50 ml), 2N HQ (50 ml), brine (50 ml) and dried over anhydrous sodium sulfete. The 
solution was concentrated in vacuo to give a yellow solid which was washed with 
dichloromethane and dried to give 68 mg (28%) of the title compound. NMR (DMSO- 
d<i): 10.91 (s, IH), 8.77 (d. J = 2.1 Hz, IH), 8.63 (s, IH), 8.31 (d, J = 8.1 Hz. IH). 8.24 (dd, 
J = 2.4, 8.7 Hz, IH ), 7.96 (d, J = 8.1 Hz, IH), 7.56 (d, J = 8.7 Hz, IH), 5.11 (s, 2H). 

Example 69 

6-CJthromeffiyl'N-(4-ethoxy-2'nitrophenyl)'3-pyridinecarboxamide 

A) Methyl 6-chloromeatylnicotinate: A mixture of methyl 6-methylnicotinate 
(2,3 g, 15.2 mmol) and N-chlorosuccinimide (4.6 g, 34 mmol) in chloroform was refluxed 
for 24 h to give 1.3 g of the tide compound as a white solid. 

B) 6-Chloromeaiylnicotinic add: A mixture of methyl 6- 
chloramethyhiicotinale (1.3 g, 6.5 mmol) in 2N HQ (40 ml) was refluxed for 5 h. The 
mixture was cooled to room temperature to give 1.1 g of the title compound as a tan soUd. 

C> 6'CMoronieihyl-N-(4-^thoxy-2-nUrophmyiy3-pyrUmecarboxamid^ A 
mixture of 6-chloromethyhiicotimc acid (155 mg, 0.69 mmol), 4-€thoxy-2-mtroaniline 
(146 mg), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (238 mg) and 
pyridine in THF (10 ml) was refluxed for 17 h. The mixture was cooled to room 
temperature, diluted with hexane:etfiyl acetate (1:1, 100 ml), washed with water (50 ml), 
2N HQ (50 ml), hrine (50 ml) and dried over anhydrous sodium sulfate. The solution was 
concentrated in vacuo and the product was purified by column chromatography using 
hexane:ethyl acetate (3: 1) to give the title conq)ound as a yellow solid (30 mg). ^H NMR 
(GDQs): 11.14 (s. IH), 9.18 (m. IH), 8.84 (d, J = 9.3 Hz. IH). 8.30 (dd, J = 2.4, 8.1 Hz, 
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IH), 7.75 (d, J = 3,0 Hz, IH), 7.68 (d, J = 8.4 Hz. IH), 7.31 (dd, J = 3.0, 9.3 Hz. IH). 4.76 
(s. 2H), 4.12 (m, 2H), 1.47 (t, J = 7.1 Hz. 3H). 

Example 70 
N'(4-Eau)xy-2-iutivphmyl)-3-JurattcaH>oxamide 

The title compound was prepared fcom 3-fiiioic add and 4-etlioxy-2-nitroaniIme as 
a yellow soUd as describedin Example 15. 'H NMR (DMSO-diy): 10.25 (s, IH), 8.36 (d, 
J=*2.4, IH), 7.83-7.81 (m. IH), 7.53-7.47 (m, 2H), 7J5-7.31 (m, IH). 6.94 (d, J=2.4. IH), 
4.12 (q, J=6.9. 2H). 1.35 (t. J=6.9, 3H). 

Example 71 

Identification ofN-(4-methoxy-2-mtrophenyiy3-pyridmecaTboxanude and 
Analogs as Caspase Cascade Acttvatoirs and Inducers ofApoptosis in Solid Tumor Cells 

Human breast cancer cell lines T47D and ZR75-1 were grown according to media 
component mixtures designated by American Type Culture CoUection + 10% PCS 
(Ihvitrogen Corporation, life Technologies Division), in a 5% CO2 -95% humidity 
incubator at 37 *C. T47D and ZR75-1 cells were maintained at a ceU density between 30 
and 80% confluency at a ceU density of 0.1 to 0.6 x 10* cells/ml. Cells were harvested at 
60Qxg and resuspended at 0.65 x 10* cells/ml into appropriate media + 10% PCS. An 
aUquot of 45 ^il of cells was added to a weU of a 96-weU microtiter plate containing 5 jil of 
a 10% DMSO in RPMI-1640 media solution containing 1.6 to 100 nM of N-(4-methoxy- 
2-nitrophenyl)-3-pyridinecarboxamide or other test compound (0.16 to 10 \iM final). An 
aliquot of 45 ^1 of cells was added to a well of a 96-well microtiter plate containing 5 ^1 of 
a 10% DMSO in RPMI-1640 media solution without test compound as the control sample. 
The samples were mixed by agitation and then incubated at 37 C for 24 h in a 5% CO2- 
95% humidity incubator. After incubation, tiie samples were removed fixMn flie incubator 
and 50 of a solution containing 20 \iM of N-(Ac-DEVD)-N'-etiioxycarbonyl-R110 
(SEQ ID NO:l) fluorogenic substrate (Cytovia, Inc.; W099/18856), 20% sucrose (Sigma), 
20 mM DTT (Sigma), 200 mM NaCl (Sigma), 40 mM Na PIPES buffer pH 7.2 (Sigma), 
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and 500 jig^Bl lysolecithin (Calbiocbem) was added. The samples were mixed by 
agitation and incubated at room tempecatme. Using a fluorescent plate leader Q^odel 1420 
Wallac lostrumentsX an initial reading (T = 0) was made approximately 1- 2 min after 
addition of the substrate solution, employing excitation at 485 nm and emission at 530 nm, 
to determine the background fluorescence of the control sample. After the 3 h incubation, 
the samples were read for fluorescence as above (T = 3 h). 
Calculation: 

The Relative Fluorescence Unit values (RFU) were used to calculate the sample 
readings as follows: 

RFU cr=3h) - Control RFU cr=o) = Net RFUcr=3h) . 
The activity of caspase cascade activation was determined by the ratio of the net 
RFU value for N-(4-methoxy-2-nitrophenyl)-3-pyridinecarboxamide or other test 
compound to that of control samples. The EC50 (nM) was determined by a sigmoidal dose- 
response calculation (Prism 2.0, GraphPad Software Inc.). The caspase activity (Ratio) and 
potency (EC50) are summarized in Table I: 
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Table I. Caspase Activity and Potency 



Example # 


T47D 

Ratio EC50 (nM) 


ZR75-1 
Ratio EC50 (nM) 


1 


8.9 


2970 


3.6 


729 


2 


7.8 


587 


5.8 


329 


3 


Inactive 


inactive 


2.1 


4620 


4 


Inactive 


Ihactive 


3.2 


4030 


5 


Inactive 


Ihactive 


Ihactive 


Inactive 


6 


Inactive 


Inactive 


toactive 


Ihactive 


7 


8.1 


593 


2.7 


230 


8 


5.0 


153 


6.3 


77 


9 


5.4 


920 


5.0 


488 


10 


Inactive 


Inactive 


Ihactive 


Ihactive 


11 


Ihactive 


Inactive 


Inactive 


Ihactive 


12 


Inactive 


Inactive 


Inactive 


Inactive 


13 


Inactive 


Ihactive 


Inactive . 


Inactive 


14 


Inactive 


Inactive 


Inactive 


Inactive 


15 


Inactive 




inacnve 


Ihactive 


16 


Inactive 


inactive 


Ihactive 


Inactive 


17 


Inactive 


Inactive 


Inactive 


Inactive 


18 


3.0 


6750 


5.1 


3840 


19 


2.7 


3550 


3.8 


6880 


20 


Ihactive 


inactive 


Inactive 


Inactive 


21 


Inactive 


Inactive 


2.3 


4670 
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22 


7.6 


466 


6.6 


295 


23 


7.2 


608 


9.9 


171 


24 


Inactive 


Liactrve 


Inactive 


Inactive 


25 


5.8 


345 


6.6 


133 


26 


5.5 


42 


3.2 


20 


27 


Inactive 


Inactive 


Inactive 


Inactive 


28 


2.4 


7330 


5.1 


4510 


29 


5.8 


1800 


6.4 


1000 


30 


Inactive 


Liactive 


Inactive 


Inactive 



Thus. N-(4-metfaoxy-2-mtrophenyl)-3-p3aidmecaiboxanu (Example 29) and analogs are 
identified as potent caspase cascade activators and inducer of q)optosis in solid tumor cells. 

Example 72 

N'(4'Methoxy''2'nitrophenyl)^3'pyridin€carboxamide Induces Nuclear Fragmentation 

in Jurkat Cells 

The ability of N-(4-methoxy-2-mtrophenyl)-3-pyridinecarboxamide to induce 
nuclear fragmentation was tested by treatment of Jurkat cells with the test compound 
followed by stainmg of the nucleus with Sytol6, a fluorescent DNA dye (Molecular 
Probes, Eugene, OR). The nuclei of Jurkat cells treated with vehicle control (DMSO) are 
seen to be round with dispersed chromatin that is moderately stained with Sytol6 (Fig. 
lA). In contrast, Jurkat cells treated with 5 of N-(4-methoxy-2-nitrophenyl)-3- 
pjridinecarboxanude for 24 h have shrunken and fi^gmented nuclei (Fig. IB), which is a 
hallmark of caspase-mediated apoptosis. These results corroborate the caspase induction 
assays by showing that N-(4-methoxy-2-nitrophenyl)-3-pyridinecarboxamide can induce a 
key cellular marker of apoptosis. 
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Example 73 

^<4-nieaioxy.2.rntrophenyiy3.pyridinecarbo^^ 

Cdk 

Juikat cells were incubated with a range of concentrations of N-(4-niethoxy-2- 
nitiopheiQd).3-pyiidinecaiboxamide (0.02 ^ to 5 |liM) for 6 h under normal growth 
conditions; control cultuies were treated with DMSO vehicle. The cells were then treated 
for20inin.with800nMSytol6(MolecuIarPiobes.Eugene.OR). Cytospin preparations 
were then prepared and the samples were viewed by fluorescent microscopy using a 
fluorescein filter set. For each concentration of test compound, the number of mitotic 
figures were counted and expressed as a percentage of the total number of cells. Three 
fields fiom each condition were evaluated and the mean and SEM were calculated and 
plotted as a function of dmg concentration (Rg. 2). The results show that N-(4-methoxy. 
2-nitrophenyl)-3-pyridinecarboxamide is an effective inducer of mitotic anest in Jurkat 
cells up to a concentration of 5 pM. 

Example 74 

^IZTTjIf" f^'^!ff'''?:^''^lPl^yi^3.p^ or 6.Chloro.N.(4. 

ethoxy.2.mtrophenyl).3-pyndmecarboxamide Leads to Cett Cycle Arrest and Apoptosis 

in Solid Tumor Cett Line 

T47D. a breast cancer cell line, was maintained and harvested as described in 
Example 71. Ixl0« cells were treated with 10 pM of N-(4-methoxy-2-nitrophenyl)-3- 
pyiidinecarboxamide or 6^hloro-N-(4-ethoxy-2-nitrophenyl).3.pyridinecarboxamide for 
48 h at Syc. As a control, cells were also incubated with equivalent amount of solvent as 
control (DMSO). Cells were harvested at 1^0 ipm and washed twice with 5 mM 
EDTA/PBS. CeUs were then resuspended in 300 pi EOTA/PBS and 700 pi of 100% 
ethanoLvortexed and incubated at room temperature for Ih. Samples were spun down at 
1.200 rpm for 5 min and the supernatant was removed. A solution containing 100 jig/ml 
of propidimn iodide and 1 mg^ml of RNAse A (fresh) was added to the samples and 
incubated for 1 h at room temperature. Samples were then transferred to 12x75 mm 
polystyrene tubes and analyzed on a flow cytometer. All flow cytometry analyses were 
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perfonned on FACScalibur (Becton Diddnson) using Cell Quest analysis softwaie. On 
the X-axis is plotted the fluorescence intensity and on the y-axis is plotted the number of 
cells with that fluorescence intensity. The T47D control cell population profile is seen in 
Fig. 3 A and the increase in G2M DNA content (M4) cells that is seen when treated with 
N-(4-niethoxy-2-nitrbphenyl>3-pyridinecarboxamide at 10 |xM is seen in Fig. 3B. An 
increase in the sub-diploid DNA content of cells (marker Ml region, Fig 3) is also seen to 
increase from 2% to 25% with compound treatment The subrdiploid amount of DNA 
(Ml) is indicative of apoptotic cells which have undergone DNA degradation or 
fragmentation. In cells treated with 6-chloro-N-(4-ethoxy-2-nitrophenyl)-3- 
pyridinecarbox-amide, a more potent analog, at 1 jiM (Fig. 4B), the accumulation of T47D 
cells in the G2/M phase (M4) is similarly seen. In addition, the sub-Gl population of cells 
with reduced DNA content (Ml) indicative of apoptosis is seen to increase substantially 
over control cells (Fig. 4A), indicating cell cycle arrest and induction of apoptosis by 
treatment with N-(4-methoxy-2-nitrophenyl)-3-pyridinecarboxamide and its more potent 
aiudog6-chloro-N-(4-ethoxy-2-nitrophenyI)«3-pyridinecarboxarnide. 



Example 75 

6-ChhrO'N-(4'ethoxy'2'nitrophenyl)'3'pyridm^^ Inhibits the Proliferation 

of Solid Tumor HeLa CeU line 

HeLa cells were grown according to media component mixtures designated by 
American Type Culture Collection + 10% FCS (Ihvitrogen Corporation, Life 
Technologies Division), in a 5% CO2 -95% humidity incubator at 37 ^'C. In a well of a 96 
well plate, 30,000 cells were seeded and treated with compound at the indicated 
concentrations for 48 hr in a 5% CO2- 95% humidity mcubator at 37^C. Control wells 
were treated with the same amount of solvent (DMSO) as the compound samples. After 
the indicated treatment time, the siq)ematant was removed to a sterile culture tube and the 
wells washed with phosphate buffered saline, and flie adherent cells trypsinized for 5 min 
The trypsinzed cells were added to the culture supernatant, cells were collected (1,200 
rpm, 10 min), washed with phosphate buffered saline, and lesuspended in fresh media. 
The cells were counted for trypan blue negative cells, and the cells were diluted with fresh 
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media to 1,000 cells/ml. To a well of a 24-well plate, 0,1 ml of the cell suspension was 
added along with 1 ml of fiesh media (cell suspensions were passed throu^ a 22G needle 
several times just before plating to form single cell suspensions). Plates are incubated in a 
5% CQr 95% humidity incubator at 37^C for 5-7 days. Colonies are counted when the 
sizes reached greater than 50 cells per colony. Cells are washed with phosphate buffered 
saline, fixed with 100% methanol for 15 min, and then stained with 0.5% gentian violet 
for 15 min. Colonies are rinsed with water and the colonies counted and the fraction 
surviving expressed as the percentage of the number of control colonies. 

The results showed that after a 48 hr treatment, 6-chlorD-N-(4-ethoxy-2- 
nitrophenyl)-3-pyridinecarboxamide inhibits the ability of HeLa cells to continue to 
proliferate and inhibited ttieir colony forming ability with an IC50 of about 100 nM (Fig. 5) 

Having now ftiUy described this invention, it will be understood by those of 
ordinary skill in the art that the same may be performed within a wide and equivalent 
range of conditions, formulations and other parameters without affecting the scope of the 
invention or any embodiment thereof. AU patents, patent applications and publications 
cited herein are fiiUy incorporated by reference herein in their entirety. 
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What Is Claimed Is: 

1. A method of treatmg a disorder responsive to the induction of apoptosis in 
an animal suffering therefrom, coniprising administering to a tnaninnai in need of such 
treatment an effective amount of a con^und of Formula V: 

O 

Ar (V) 

or a pharmaceutically acceptable salt or prodrug thereof, wherein: 

A/ and Ar are independently optionally substituted aryl or optionally substituted 
heteroaryl, provided that the ring structure of said optionally substituted heteroaryl 
comprises not more than two nitrogen atoms; and 

Rn is hydrogen; or allg^l, cycloalkyl, aiyl or heteroaryl, each of which is optionally 
substituted. 

2. The method of claim 1 , wherein said compound is of Formula L 

0 

or pharmaceutically acc^table salts or prodrugs th^:eof» wh^in: 

AisNorC-R«,BisNorC-R9,DisNorC-Rio,EisNorC-R6andFisNorC-R7, 
provided that not more than two of A, B, D, E and F are N in the same time; 

Ar is optionally substituted and is an aryl or heteroaryl; 

Re-Rio are independently hydrogen, halo, haloallqrl, aryl, fused aryl, carbocyclic, a 
heterocyclic group, a heteroaryl group, allq^l, alkenyl, alkynyl, arylalkyl, arylalkenyl, 
arylalkynyl, heteroarylalkyl, heteroaiylalkenyl, heteroarylalkynyl, carbocycloalkyl. 
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hehaocydoalkyl, hydioxyalkyl, nitro. amino, cyano. acylamido. hydroxy, thiol, acyloxy. 
azido. alkoxy, caiboxy, carhonylamido or alkylthiol; and 

Rn is hydrogen or optionally substituted alkyl, cycloalkyl, aryl, or heteroaiyl. 

3. The method of claim 2, wherein A is N, B is C-R{> and F is C-R7. 

4. The method of claim 1, wherein Ar' is optionally substituted and is furyl, 
pyirolyl, pyrazolyl. imidazolyl, pyridyl. pyridazinyl, pyiimidinyl. pyiazinyi or phenyl. 

5. The method of claim 4, wherein Ar' is optionally substituted furyL 

6. The metiiod of claim 5, wherein Ar is optionally substituted phenyl. 

7. The metiiod of claun 6, wherein Ar' is optionally substituted 3-furyl. 

8. The method of claim 7, wherein Ar' is unsubstituted 3-furyL 

9. The method of claim 8, wherein said compound is iV-(4-eflioxy-2- 
nitrophenyl)-3-furancarboxamide. 

10. The metiiod of claim 4, wherein Ai' is optionally substituted pyrrolyL 

11. The metiiod of daim 10, wherdn Ar is optionally substituted phenyl. 

12. The metiiod of claim 11, wherein Ar' is optionally substituted S-pyrrolyL 

13. The metiiod of claim 12, wherem Ar' is unsubstittited 3-pytrolyL 

14. The metiiod of claim 13, wherein said compound is iSr-(4-etiioxy-2- 
nitrqphenyl)-3-py£rolecarboxamide. 
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15. 



The method of claim 4, wherein Ar^ is optionally substituted phenyl. 



16. 



The method of claim IS, wherdn Ar is optionally substituted phenyl. 



17. 



The method of claim 16, wherein said compound is selected from the groiqp 



consisting of: 



4-Chloro-iV-(4-ethoxy-2-nitn)phenyI)-benzoylamide; and 
4-adoromethyl-iV-(4-ethoxy-2-nitrophenyl)-benzoylaniide. 



18. The method of claim IS, wherein Ar is optionally substituted pyridyL 



19. The method of claim 18, wherein said compound is selected from the groiq> 



consisting of: 

4-Chloro-2-nitro-iV-(6-chloro-3-pyridyl)-benzoylamide; 
4-Chloro-2-nitro-JSr-(6-methyl-3-pyridyl)-benzoylamide; and 
4-Bromomethyl-3-nitro-Ar-(6-chloro-3-pyridyl)-benzoylamide. 

20. The method of claim 4, wherein Ar" is optionally substituted pyrazinyl. 

2 1 . The method of claim 20, wherein Ar is c^tionally substituted phenyl. 

22. The method of claim 21 , wherein Ar' is 3-pyrazinyl. 

23. The method of claim 22, wherein said compound is selected from the group 
consisting of: 

6-Methyl-Ar-(4-ethoxy-2"nitrophenyl)-3-pyrazinecarboxainide; and 
A^-(4-Ethoxy-2-nitn)phenyl)-3-pyrazinecarboxamide. 

24. The method of claim 4, wherein Ar' is optionally substituted pyrimidinyl. 

25. The method of claim 24, wherein Ar is optionally substituted phenyl. 
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26. The method of daim 25, wherein ksT is qptionaUy substituted 
5-pyiiiiiidinyl. 

27. The method of claim 26, wherein said compound is iV-(4-«thoxy-2- 
nitropbenyl)-5-pyrimidinecaii)oxamide. 

28. The method of claim 4, wherein Asf is optionally substituted pyiicfyL 

29. The method of daim 28, wherein Ar is optionally substituted phenyl 

30. The method of daim 29, wherein Ar' is optionally substituted 2-pyridyl. 

31. The method of claim 30, wherein said compound is selected ftom the group 
consisting of: 

iV-(4-Ethoxy-2-mtrophenyl)-2-pyridinecarboxamide;and 
iV-(4-Ethoxy-2-mtrophenyl>l-iV-oxide-2-pyridinecarboxamide. 

32. The mefliod of claim 29, wherein Ar' is optionally substituted 3-pyridyl. 

33. The meflMd of claim 32, wheaidn said compound is of Fbrmnlam: 




or a pharmaceutically acceptable salt or prodrug tiiereof , wherein 

R1-R7 and R9-R10 are independentiy hydrogen, halo, haloalkyl, haloalkoxy, aiyl, 
fused aryl, carbocychc, a heterocycUc group, a heteroaryl group, alkyl, alkenyl, alkynyl. 
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aiylalkyl, aiylaltenyl, aiylalkyayl, heteroarylalkyl, heteroarylalkenyl, heteroarylallqaiyl, 
caibocycloalkyl, heteiocycloalkyi, hydioxyalkyU nitro, amino, aminoalkyl, cyano, 
cyanoalkyl, acyl, acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycarbonyl, 
aryloxy, aiylalkoxy, carboxy, carbonylamido or alkyltbiol; and 

Ru is hydrogen; or alkyl, cycloalkyl, aryl or hetero^yl, each of which is optionally 
substituted. 

34. The method of claim 33, wherein Ri and R2, or R2 and R3, or R3 and R4, or 
R4 and R5 are taken together to form an optionally substituted carbocycle or an optionally 
substituted heterocycle. 

35. The method of claim 34, wherein said Rj and R2, or R2 and R3, or R3 and 
R4, or R4 and R5 are taken together to form -OCH2O-, -(CH2)3-, -(CH2)4- 
-OCH2CH2O-, -CH2N(R)CH2~, -CH2CH2N(R)CH2-, -CH2N(R)CH2CH2-, 
-CH=CH-CH=CH-, -N(R>-CH=CH-, -CH=CH-N(R)-, -0-CH=CH-^, -CH=CH-0-, 
-nS-CH=CH-,^H=CH-S-, ~N=CH-CH=CH-, -CH=N-CH=CH-, -CH=CH-N=CH-, 
-CH=CH-CH=N- or --N=CH-CH=N-, wherein the carbocycle or heterocycle is 
optionally substituted, and R is hydrogen, alkyl, haloaliyl, aryl, fused aryl, carbocyclic, a 
heteroqrclic group, a heteroaryl group, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl, 
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, caibocycloalkyl, heterocycloallq^l, 
hydroxyalkyl or anunoalkyl. 

36. The method of claim 33, wherein Re> R? and Rio ate independently 
hydrogen or fluoro. 

37. The method of claim 33, wherein Ri is nitro. 

38. The method of claim 33, wherein R2, R4, and R5 are independendy 
hydrogen or fluoro. 
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39. "nie method Of Claim 33, wherdn said cpiiq)ound is selected ft^ 
consistmgof: 

J\K4-Methyl-2-iiitrophenyl)-3-pyridinecaiboxamide; 

M(4-Ethoxy-2-nitrophenyl>3-pyridinecarboxamide; 

AK4-^fethoxy-2-nitrophenyl>3-pyridinecarboxamide; 

6-Chloro-iNr.(4,5-difluoro-2-nitrophenyl>3-pyridinecart)oxamide; 

6-CWoro-Ar-(3-bromo-4-methoxy-6-mtrophenyI)-3-pyridinecaiboxamide; 

5,6-Dichloro-^-(4-methoxy-2-iiitrophenyl)-3-pyiidinecaiboxamide; 

6-Chloro-iV-(2-methyl-4-methoxyphenyl>3-pyridmecaiboxamide; 

6-CMoro-Ar.(4-ethoxy-2-mtrophenyl)-A^inethyl.3-pyridinecaihox^ 

6-ChlQtD-iV-(2-cyano-4,5-dimethoxyphenyl)-3-pyridinecaib6xamide; 

6-Cmoro-iSK4-cmoro-2-trifluoromethylphenyl)-3-pyridinecaiboxa^ 

6-CMoro-J\K4-chloro-2-cyanophenyl)-3-pyridinecarboxamide; 

6-CMoro-iNr-(2,4-dimethyl-6-mtrophenyl)-3-pyridiiiecarboxamide; 

6-Chloro-7VK3,4-dimethoxy-6-nitrophenyl)-3-pyridinecarboxamide; 

6-Chloro-iV-(2-cyano-4-methylphenyl)-3-pyridmecarboxainide; 

6-CMoro-Ar-(4-cmoro-2-methyl-6-mtrophenyl)-3-pyridinecarboxaniid^ 

4-Trifluoromethyl-iV-(4-ethoxy-2-nitrophenyl)-3-pyridinecarboxamide. 

40. The method of claim 33, wherein said compound is of Fonmila IV: 




(IV) 



or a phannaceuticaBy acceptable salt or prodrug thereof. 



41. The method of claim 40. wherein said conqwund is selected from the group 
consisting of: 

6-Chloio-Ar.(4-methoxy-2-nitrophenyl>3-pyridinecaiboxamide; 
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6-CMororAK4-ethoxy-2-mtrophenyl^^ 

6-GiIoiOTAK4-]BethyI-2-mt]xiphenyI)-3-pyri 

6-CUoiXH7SK4-iiiethoxy-2-mtropheny 

6-CMora-iV<4-cUoio-2-mtrophenyl)-3-pyridm 

6-Huoror^^(4-€tboxy-2-mt^)phenyl)-3-pyridmecaIbo 

6-ailoro-iV^(4-£luoro-2-iutn>phenyl)-3-pyridm 

6-CWoro-A^-(4-trifluoromethyl-2-nitrophenyl>3-pyridm 

6-CHoro-iV-(2-nitro-4-trifluoromethoxylphenyl>3-pyrid^ 

6-CMoro-iS^(4-benzyloxy-2-nitiophenyl>3-pyridm 

6-Methyl-7V-(4-ethoxy-2-mtrophenyl>3-pyridm 

6-Chloro-A^-(4-cyano-2-mtrophenyl)-3-pyridinec^^ 

6-(2,2,2-Trifluoroethoxy)-JV^(4-ethoxy-2-mtix)pte 

6-Dimethylaiaino-Ar-(4-ethoxy-2-mtrophenyl>^^ 

6-alloro-iV^4-^buty^2-m1^ophenyl)-3-pyrid^^ 

6-Trifluoromethyl-iV^(4-ethoxy-2-mtrophenyl)-3-pyridm and 
6-Chloromethyl-i\r-(4-ethoxy-2-nitrophenyl)-3-pyiidinecaib^ 

42. A method for treating or preventing cancer, comprising administering to an- 
animal in need of such treatment an effective amount of a compound of Formula V: 



or a phannaceutically acceptable salt or prodrug thereof, wherein: 

Ar' and At are independently optionally substituted aryl or optionally substituted 
heteroaryl, provided that the ring structure of said optionally substituted heteroaryl 
comprises not more than two nitrogen atoms; and 

Rii is hydrogen; or alkyl, cycloallqrl, aryl or heteroaryl. each of which is optionally 
substituted. 



o 
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43. The method of clahn 42, wherein said compound is of Formula I: 

o 

or phannaceutically acceptable salts or prodiugs tbeieof, wherein: 

A is N or C-Rg, B is N or C-R9, D is N or C-Rio, E is N or C-Re and F is N or C-R,. 
provided that not more than two of A, B , D, E and F are N in the same time; 

At is optionally substituted and is an aiyl or heteroaiyl; 

Rfi-Rio are independently hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a 
heterocycUc groi^, a heteroaryl group, alkyl, alkenyl, alkynyl, aiylallqrl, aiylalkenyl, 
arylalkynyl, heteroarylallcyl, heteroaiylalkenyl, heteroarylaUcynyl, caibocycloattyl, 
heterocycloalkyl, hydroxyallqrl, nitro, amino, cyano, acylamido, hydroxy, thiol, acyloxy, 
azido, alkoxy, carbo;Qr, carbonylamido or alkyltibiol; and 

Rii is hydrogen or optionally substituted alkyi, cycloalkyl, aryl, or heteroaiyl. 

44. The metiiod of claim 42, wheiem Ar' is optionally substituted and is finyl, 
pyrrolyl, pyrazolyl, imidazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or phenyl 

45. The method of claim 42, wherein said cancer is selected fiom the group 
consistmg Of Hodgkin's disease, non-Hodgkin's lymphoma, acute lynq)hocytic leukemia, 
chronic lymphocytic leukemia, multiple myeloma, neuroblastoma, breast carcinoma, 
ovarian carcinoma, lung caidnoma, Wilms' tumor, cravical carcmoma, testicular 
carcinoma, soft-tissue sarcoma, primary macn^obulinemia, bladder carcinoma, chronic 
gcanulocqrtic leukemia, primary brain catdnoma, malignant melanoma, small-cell lung 
carcinoma, stomach carcinoma, colon cardnOTna, Tnaiignant pancreatic insulinoma, 
maUgnant cardnoid carcinoma, maUgnant melanoma, choriocaicinoma, mycosis 
fimgoides, head or nedc carcinoma, osteogenic sarcoma, pancreatic carcinoma, acute 
granulocytic leukemia, hairy cell leukemia, neuroblastoma, rhabdomyosarcoma, Kaposi's 
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sarcoma, genitounnacy carcinoma, tfayioid caicinoxna, esophageal carcinoma, malignant 
hypercalcemia, cervical hyperplasia, renal cell carcinoma, mdometrial carcinoma, 
polycythemia vera, essential thrombocytosis, adrenal cortex carcinoma, skin cancer and 
prostatic carcinoma. 

46. A method for the treatment of drug resistant cancer, comprising 
administering to an animal in need of such treatment an effective amount of a compound 
of the Formula V: 



or a pharmaceutically acceptable salt or prodrug thereof, wherein: 

At' and Ar are independently optionally substituted aiyl or optionally substituted 
heteroaryl, provided that the ring stracture of said optionally substituted heteroaryl 
comprises not more than two nitrogen atoms; and 

Rii is hydrogen; or dikyU cycloalkyl, aryl or heteroaryl, each of which is optionally 
substituted. 

47. The method of claim 46, wherein said conq)ound is of Formula I: 



or pharmaceutically acceptable salts or prodrugs thereof, wherein: 

AisNorC-R8,BisNorC-R9,DisNorC-Rio,EisNorC-R6andFisNorC-R7, 
provided that not more than two of A, B, D, E and F are N in the same time; 

Ar is optionally substituted and is an aryl or heteroaryl; 





(I) 
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R<i-Rio are independenfly hydrogen, halo, haloaUsji, aryl, fused aryl, catbocyclic, a 
heterocyclic group, a hetooatyl group, alkyl, alkenyl, alkynyl, aiylalkyl, aiylalkenyl, 
aiylalkynyl, heteroarylalkyl, hetearoaiylalkBnyl, hetraoaiylalkynyl, carbocycloalkyl, 
heterocydoalkyl, hydroxyalkyl, nitto, amino, cyano. acylamido, hydroxy, thiol, acyloxy, 
azido, alkoxy, cart»oxy, caibonylamido or alkylthiol; and 

Rii is hydrogen or optionally substituted alkyl, cycloalkyl, aiyl, or heteroaiyL 

48. The method of claim 46, wherein Ar' is optionally substituted and is finyl, 
pyirolyl, pyrazolyl, imidazolyl, pyridyl, pyridazinyl, pyiimidinyl, pyrazinyl orphenjd. 

49. The method of claun 42 or 46, additionally comprismg adnoinistedng at 
least one known cancer chemother^utic agent, or a phannaceutically acceptable salt of 
said agent 

50. The method of claim 49, wherein said known cancer therapeutic agent is 
selected from the group consisting of busulfan, cis-platin, mitomycin C, carboplatin, 
colchicme, vmblastine, paclitaxel, docetaxel. camptothecin, topotecan, doxorubicin, 
etoposide, S-azacytidine, 5-fluorouracil, methotrexate, 5-fluoro-2'-deoxy-uridine, ara-C, 
hydroxyurea, thioguanine, melphalan, chlorambucU, cyclophosamide, ifosfemide, 
vincristine, mitoguazone, epimbicin, aclarubicin, bleomycin, mitoxantrone, elliptinium, 
fludarabine, octreotide, retinoic add, tamoxifen, Hetceptin®, Rituxan® and alanosme. 

51. The method of claim 42 or 46, additionally comprising Heating said 
with ladiadon-tfaerapy . 

52. The method of claim 42 or 46, whereio said con^und is administered after 
the surgical treatment of said animal for cancer. 

53. The method of claim 1, wheiein said disorder is an autoimmune disease. 



54. The method of claim 1 , wherein said disorder is rheumatoid arthritis. 
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55. The method of claim 1 , wherein said disoider is inflamatoty bowel disease. 

56. The method of claim 1 , wherein said disoider is a skin disease. 

57. The method of claim 56, wherein said disorder is psoriasis. 

58. A compound of Formula ISk 




(III) 



or a phannaceutically acceptable salt or prodmg thereof, wherein: 

Ri and R5 are independently selected from the group consisting of hydrogen, 
hydroxy, alkyl, alkoxy, halogen, NO2, cyano, haloalkyl, haloalkoxy, amino and 
aminoalkyl, provided that at least one of Ri and R5 is selected ficom the group consisting of 
NO2, cyano, alkyl and haloalkyl; 

R2 and R4 are independently selected fix>m the grotqp consisting of hydrogen, 
hydroxy, halogen, cyano, haloalkyl, haloalkoxy, amino and aminoalkyl; 

R3 is alkyl, Q, F, haloalkyl, alkoxy, aiylalkoxy, cyano, haloalkyloxy, amino or 
aminoalkyl; 

R6 is hydrogen, hydroxy, alkyl, NO2, cyano, haloalkyl, haloalkyloxy, amino or 
aminoalkyl; 

R7 is hydrogen, hydroxy, alkyl, NO2, cyano, haloalkyl, haloalkyloxy, amino or 
anodnoalkyl; 

R9 is hydroxy, alkyl, halogen, NO2, haloalkyl, alkoxy, cyano, haloalkyloxy, amino 
or aminoalkyl; 
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R.0 is hydrogen, hydroxy, alkyl. a, F. NO^. cyano, haloalkyl. haloalkyloxy. amino 
or aminoalkyl; and 

Rn is hydrogen, allqrl or haloaliyL 

59. The con5.ound of claim 58. wherem said compound is selected fiom the 
group consisting of: 

6^oro,Ar-(4,5-difluoro-2-mtiophenyI).3-pyridinecarboxamide: 

6<3doro-Ar-(3-bromo-4-methoxy.6-nitrophenyl)-3-pyridinecarb^ 

5,6-Dichloro-;V-(4-methoxy-2.nitrophen3d)-3-pyridinecarboxaimde; 

6-Chloro-;\^-(2-methyl-4.inethoxyphenyl).3-pyiidinecarboxarnide; 

6-Cmoro.iV.(4^thoxy-2-nitrophenylHV-methyl-3-pyridinec^ 

6<Moro-Ar-(2^ano^.5^thoxyphenyl)-3-pyridinecarboxamide; 

6^oio-JH4-cMoro.2-trifluoromethylphenyl)-3-pyridinecarboxamide; 

6<Moro.iH4-cMoro-2-cyanqphenyI).3-pyridinecarboxarmde; 

6^oro-^<2.4^1imethyl-6-nitrophenyl)-3-pyridinecarbo^ 

6.aiIoro-iV<3.4-dimethoxy-6-nitrophenyl>3.pyridinecarboxamide; 
6-Chloro-iV-(2-cyano4-methylphenyI)-3-pyridinecarboxamide; 
6-CMoio.iV-(4^hloro-2-me%l-6-nitiophenyl)-3-pyiidinecarboxamide; and 
4-Tiifluoromethyl-iV-(4^tiioxy-2-nitrophenyl).3-pyridinecarto^ 

60. The conqwundof claim 58, wherein said compound is of Formula IV: 



NO2 




(IV) 



or 



a pharmaceoticaUy accqrtable salt or prodrug thereof. 



61. The con^KJund of claim 60, wherein said compound is selected fiom the 
group consisting of: 
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6-CUQn>-iV^(4-methoxy-2-nitiophenyl)-3-pyddme^^ 

6-CUoio-iV^(4-cthoxy-2-iiitrophenyl)-3-py^ 

6-CUoio-iV^(4-methyl-2-nitix>phenyl)-3-pyridi^^ 

6-Chloro-AK4-inethoxy-2-mto)phenyl>l-iVK)xide-^ 

6-CWoro-iV-(4-cMoro-2-mtn)phenyl)-3-pyridinecaA 

6-Huoio-A^-(4-ethoxy-2-nitrophenyl)-3-pyridmeca^ 

6<Hoio-iV^(4-fluoro-2-nitrophenyl)-3-pyridmeca^ 

6-CUoro-W-(4-trifluoiomethyl-2-mtrophenyl)-3-pyric^ 

6-CUon>-iV^-(2-nitro-4-tiifluoromethoxylphen^ 

6-Chloro-iV^(4-ben2yloxy-2-mtrophenyl)-3-pyrid^ 

6-Methyl-JV^(4-ethoxy-2-nitrophenyl)-3-pyridinecaA 

6-Chloro-iV^-(4-cyano-2-nitrophenyl)-3-pyridineca^ 

6-(2,2,2-Tiifluoroetlioxy)-iV^(4-ethoxy-2-nitK)pte 

6-Dimetfaylamin(>W^(4-etbdxy-2-mtn)pheByl)-3-pyri 

6-CUo^o-iV^4-^butyl-2-mt^ophenyl)-3-pyridinecarfx)x 

6-Trifluoromethyl-A^(4-ethoxy-2-nitrophenyl)-3-pyri(imecaA and 

6-Chloromethyl-iV'-(4-ethoxy-2-mtrophenyl)-3-pyridinecaA 

62. A compound of Fonnula (VI): 



or a phannaceutically acceptable salt or prodrug thereof, wherein 

R1-R5, R7 and R9-R10 are independently hydrogen, halo, haloallsyl, haloalkoxy, aryl, 
fused aryl, carbocyclic, a heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, 
arylalkyl, arylalkenyl, aiylalkynyl, heteroarylalkyl, heteroaiylalkenyl, heteroarylalkynyl, 
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caibocycloalkyl, heteiocycloalkyl, hydtoxyalkyl, nitio, amino, aminoalkyl, cyano, 
cyanoalkyl,,acyl, acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycaibonyl, 
aiylo^, aiylalkoxy, carboxy, caibonylamido or alkylthiol; and 

Ru is hydrogen; or attyl, cycloalkyl, aryl or heteroaiyl, each of which is optionally 
substituted. 

63. The compound of claun 62, or a phannaceutically acceptable salt thereof, 
with tiie prioviso that at least one of Ri and R5 is selected from tiie group consisting of 
NO2, cyano, alkyl and haloalkyl. 

64. The compound of claim 62 or a phannaceutically acceptable salt or prodrug 
thereof, wherein: 

Ri and R5 are independenfly selected from the group consisting of hydrogen, 
hydroxy, alkyl, halogen, NO2, cyano, haloalkyl, haloalkoxy, amino and aminoalkyl; 

R2 and R4 are independentiy selected from the group consisting of hydrogen, 
hydroxy, halogen, haloalkyl, haloalkoxy, amino and aminoalkyl; 

R3 is alkyl, CI, F, haloalkyl, alkoxy, aiylalkoxy, cyano, haloalkoxy, amino or 
aminoalkyl; 

R7, R9 and Rio are independenfly selected from the group consisting of hydrogen, 
hydroxy, alkyl, halogen, NO2, cyano, haloalkyl, alkoxy, haloalkoxy, amino and 
aminoalkyl; and 

Rii is hydrogen, alkyl or haloalkyl. 

65. The compound of claim 64, whercm said conqjound is selected fiom the 
group consisting of: 

6-Methyl-Ar-(4-eflioxy-2-nitrophenyl)-3-pyrazinecaiboxamide; and 
JV-(4-Etiioxy-2-.nitrophenyl)-3-p)a:azinecaiboxamide. 
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66. A compound of Formula (VII): 




(VII) 



or a pharmaceutically acceptable salt or prodrug thereof, wherein: 

RrRa, R5-R10 are independently hydrogen, halo, haloalkyl, haloalkoxy, aiyl, fused 
aryl, carbocyclic, a heterocyclic groiq), a heteroaryl groiq), allq^l, alkenyl, alkynyl, 
arylalkyl, aiylalkenyl, aiylalkynyl, heteroaiylalkyl, heteroarylalkenyl, heteroarylalkynyl, 
carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, aminoalkyl, cyano, 
cyanoalkyl, acyl, acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, alkoxycarbonyl, 
aryloxy, arylalkoxy, caiboxy, caibonylamido or alkylthiol; and 

Rn is hydrogen; or alkyl, cycloalkyi, aiyl or heteroaiyl, each of which is optionally 
substituted. 

67. The compound of claim 66, or a pharmaceutically acceptable salt thereof, 
with the prioviso that at least one of Rg and R7 is selected from the group consisting of 
NO2, cyano, alkyl and haloalkyL 

68, The compound of claim 67 or a pharmaceutically acceptable salt or prodrag 
thereof, wherein: 

Ri, R2, R3 and R5 are independently selected from the group consisting of 
hydrogen, hydroxy, alkyl, halogen, NO2, cyano, haloalkyl, alkoxy, haloalkoxy, amino and 
aminoalkyl; 

R^ and R? are independently selected from the group consisting of hydrogen, 
hydroxy, alkyl, halogen, NO2, cyano, haloalkyl, haloalkoxy, amino and aminoalkyl; 

Rs and Rio are independently selected from the group consisting of hydrogen, 
hydroxy, alkyl, halogen, NO2, cyano, haloalkyl, haloalkoxy, amino and aminoalkyl; 
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R9 is hydroxy, alkyl. halogen, NO2. cyano, haloallgrl. alkoxy. haloalkoxy. amino or 
aminoalkyl; and 

Rii is Iqrdro;^, alkyl or haloalky. 

69. The compound of claim 66. wherein said conq)ound is selected ftom the 
group consisting o£ 

4-Chloro-2-mtro-iV-(6-chloro-3-pyridyl)-benzoylamide; 
4-Chloro-2-mtro-Ar.(6-methyl-3-pyridyl>benzoylamide; and 
4-Bromomethyl.3-mtro-iV-(6-chloro-3-pyiidyl)-ben2oylamide. 

70. A compound selected ftom the group consisting of: 
iV-(4-Ethoxy-2-nitrophenyl)-3-pyrTDlykarboxamide; 
4-Chlaro-i\K4-ethoxy-2-nitrophenyl>benzoylamide; 
4-Chloromethyl-Ar.(4-ethoxy-2-nitrophenyl)-benzoylamide; 
iV-(4-Ethoxy-2-nitiophenyl)-5-pyrimidinecarboxamide; 
^-(4-Ethoxy-2-nitrophenyl-2-pyridinecarboxamide;and 
^-(4-Ethoxy-2.nitrophenyl)-l-Ar-oxide-2-pyridinecatboxamide. 

71. A phannaceutical composition, comprising the compound of any one of 
claims 58-70, and a pharmaceutically acceptable carrier. 

72. The pharmaceutical composition of claim 71. further compiismg at least 
one known cancer chemotherapeutic agent, or a pharmaceutically accqrtable salt of said 
agent 



73. The pharmaceutical composition of dahn 72, wherein said known cancer 
chemother^utic agent is selected ftom the group consistiug of busulfan. cis-platin, 
mitomycin C. carboplatin. colchicine. Adnblastine, pacUtaxel. docetaxel, camptofliedn.' 
topotecan. doxorubicin, etoposide, 5-azacytidine. 5-fluorouracil. mediotrexate. 5-fluoro-2'- 
deoxy-uiidine, ara-C. hydroxyurea, thioguanine, melphalan. chloranibudl. 
cyclophosamide. ifosfemide, vincristine, mitoguazone. epirubicin. aclambidn. bleomycin. 
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mitoxantcone, elliptimuin, fludaiabine, octieotide, letinoic acid, tamoxifoi, Herceptin®, 
Rituxan® and alanosine. 
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MARKER % 

All 100.0 
Ml 2.6 
M2 42.4 
M3 3.8 
M4 34.8 
M5 9.8 



FIG.3A 




MARKER % 

All 100.0 
Ml 25.1 
M2 7.4 
M3 5.3 
M4 57.2 
M5 3.8 
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MARKER % 

All 100.0 
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M2 68.4 

M3 6.1 
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MARKER % 

All 100.0 
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